(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property 
Organizatioii 
International Bureaii 

(43) International Publication Date 
11 November 2004 (11.11.2004) 




PCT 



■ 


iiiillllll 


iiiiiin 


in 


iiii 



(10) International Publication Number 

WO 2004/096818 A2 



(51) International Patent ClassificatioD^: C07F9/40, 
9/6561 



(21) iDtemational AppUcatioii Number: 

PCT/EF2003/012423 



(22) International FUhig Date: 

6 November 2003 (06.1 12003) 



(25) Fifing Language: 
(2Q Publication Language: 

(30) Priority Data: 

PCT/US03/12901 
PCT/US03/12943 
PCTAJS03/12926 



Bngiish 
English 



25 April 2003 (25.04.2003) US 
25 April 2003 (25.04.2003) US 
25 April 2003 (25.04.2003) US 



(71) Applicant {for all designated States except US)i GILEAD 
SCIENCES^ INC [US/USJ; 333 Lakeside Drive, Fostea- 
City, CA 94404 (US). 

(72) Inventors; and 

(75) Inventors^Applicants (for US oniy): BIRKUS, Gabriel 
[SK/US]; 1266 Stanyan Street #4» San Francisco, CA 
94117 (US). CHEN, James, M. [USAJS]; 4015 Mar- 
blehead Drive, San Ramon, CA 94583 (US). CHEN, 
Xiaown [USAJS]; 377 Laurie Meadows Drive, Apt 
319, San Mateo. CA 94403 (US). CIHLAR, Tomas 
[CZ/US]; 727 Caravel Lane, Foster City, CA 94404 (US). 
EISENBERG, Eugene, J. [US/USl; 236 Club Drive, San 
Carlos, CA 94070 (US). HATADA, Marcos [USmS]; 
2000 Walnut Avenue, Apt. G302, Fremont, CA 94538 
(US). HE, Gong-Xin [CNAJS]; 5436 Ontario Common, 



Fremont, CA 94555 (US). KIM, Cboung, U [US/US]; 
1750 Elizabeth Street, San Carlos, CA 94070 (US). LEE, 
Wjaiiam, A. [US/US]; 749 Anderson Drive, Los Altos, CA 
94m (US). MCDERMOrr, Martin, J. [US/US]; 710 
Bair Island Road, Suite 202, Redwood City. CA 94063 
(US). SWAMINATtiAN, SundaramoortM [IN/US]; 
2858 Hillside Drive, Burlingame, CA 94010 (US). 

(74) Agents: RIEDL, Peter et al.; Reitstotter, Kinzebach & 
Partner (GbR). Steniwartstrasse 4, 81 679 MUnchen (DE). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU. 
AZ. BA, BB, BG, BR, BY. BZ, CA, CH, CN, CO, CR, CU, 
CZ. DB, DK, DM, DZ. EC; EE. ES, FI, GB. GD, GE, GH, 
GM. HR. HU, ID, IL, IN, IS, JP, KB. KG. KP. KR, XZ. LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX , MZ, NI , NO, NZ, OM, PH , PL, FT. RO, RU. SC, SD, 
SE. SG, SK, SL, TJ. TM, TN. TR. TT. TZ, UA, UG. US. 
liZ, VC, VN, YU. ZA. ZM. ZW. 

(84) Deagnated States (regiemal): ARIPO patent (BW, GH, 
GM, KE, LS, MW, MZ. SD, SL, SZ, TZ. UG, ZM. ZW). 
Euia^an patent (AM, AZ. BY, KG, KZ, MD. RU, T3. TM\ 
European patent (AT. BE, BG. CH, CY, CZ. DE, DK, EE, 
ES, H, PR, GB. GR. HU, IE, FT, LU. MC, NL. PT. RO, SE. 
SI. SK. TR), OAPI patent (BF. BJ. CF. CG. Q, CM. GA. 
GN. GQ, GW, ML. MR, NE, SN, TD. TG). 

Published: 

— without international search report and to be republished 
upon receipt of thai report 

For two-letter codes and other abbreviations, refer to the "Gtdd- 
ance Notes on Codes andAbhreviatiotts " appearing at the begin- 
ning of eadt regular issue of the PCT Gazette, 



< 

00 
00 

OS 



(54) THle: METHOD AND COMPOSITIONS FOR IDENTIFYING ANTl-HIV THERAPEUTIC COMPOUNDS 

5 (57) Abstract: The invention relates to methods and compositions for identifying compounds having theiapeaiic activity ag^nst 
1^ human immunodefknency virus (HTV). 
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METHOD AND COMPOSITIONS FOR IDENTIFYING 
ANTI.fflV THERAPEUTIC COMPOUNDS 

This noQ-pro visional application claiiDS the benefit of Provisional Application No. 
60/375,622. filed April 36. 2002. Provisional Applfcation No. 60/375 J79 filed ApxH 26. 2002. 
Provisional Application No. 60/375,834 filed April 26, 2002 and Provisional Application No. 
60/375.665 filed April 26. 2002. which are incoiporated herein by reference. Additionally. 



Field the Invention 

10 The invention relates generally to methods and con^ositions for identifying compounds 

having therapeutic ajctivity against human immunodeficiency virus (HIV). 

Background of the Invention 
Anti-HiV confounds are well established and have achieved significant therapeutic . 
benefit. However, existing thersqpeutics r^nain less than optimal Conspiring to reduce patient 
1 5 compliance and therapeutic efGcacy are toxicity, resistant HIV. poor bioavailability, bw 
potency, and frequent and inconvenient dosing schedules, among other fiEulings. The need to 
administer very large tablets and fequirements for fi-equent dosing characterize a number of 

iiDportant anti-HIV thersqpeutics. most particularly the HTV prote While 

• 

significant advances have been made in preparing inq>roved nucleotide analogue anti-HTV 
20 therapeutics (see WO 02/08241. EP 820.461 and WO 95/07920, all of which are hereby 
incorporated by refieience). other anti-HIV therapeutic drug classes remain encumbered with 
severe deficiencies. 

Summary of the Invention 

The present invention provides methods and conqx>^ions for identifying therapeutic 
25 anti-HW compounds having iiiq)roved phannacological and therapeiitic property In 

particular, this invention provides for novel candidate therapeutic anti-HTV compounds and 
methods for. screening them to identify compounds having such beneficial properties. 
In accordance with this invention, a method is provided that comprises 
(a) identifying a non-nucleotide prototype compound; 
30 (b) substituting the prototype con5)ound with an esterified carboxyl or esterified 

phosphonate-^ntaining group to produce a candidate compound; and 
(c) determining the anti-HIV activity of the candidate compound.. 
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In another embodiment, a method is provided that comprises 

(a) sdteting a non-micleotide candidate compound containing at least one esterified 
caiboxyl or esterified phoq>honate-contaimng group and 

(b) determining the intracellular persistence of the candidate con^und or a esterolytic 
metabolite of the esterified carboxyl or phosphonate-containing group thereof. 

In a further embodiment, detennining the anti-HIV activity of the candidate conq^ound 
conqurises determining the anti-HIV activity of a caiboxylic acid or phosphonic acid* 
containing metabolite of the candidate compound, which carboxyl acid or phosphonic acid- 
containing metabolite is produced by esterolytic mietaboHc cleavage of the estedfied caiboxyl 









111 




II 





con^rises determining the the tissue selectivity and/or the intracelhilar residence time of at 
least one of said intracellular carboxylic acid or phosphonic acid-containing metabolites. 



In another embodiment of this invention, a library of anti-HIV candidate compounds is 
provided that conpises at least one non-nucleotide prototype coiq>ound substituted by an 
esterified carboxyl or phosphonate group. Such libraries facilitate large-scale screening of 
candidate compounds. 



Hiis invention is an inq>rovement in the conventional methods for identifying 
th»iq[^utic anti-HIV compouiuls. Thus, in a method for Uentifying an anti-HIV therapeutic 
compound, the ioq^rovement comprises substituting a prototype compound with an esterified 
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activity. 



Adding the esterified carboxyl or phosphonate group to the prototype molecule 
produces significant advantages in the phannacologic properties of the prototype. Without 
being held to any particular method of operation of the invention, it is believed that the ester(8) 
mask the charge of the carboxyl or phosphonate and permit the candidate to ent^ HIV 
infected cells, in particular peripheral blood mononuclear cells (PBMCs). Once the candidate 
has entered the cells it is processed by biological mechanisms (most notably, it is believed, by a 
newly discovered PBMC enzyme which we designate GS-7340 Ester Hydrolase) to produce at 
least one metabolite containing a free caitioxylic acid and/or phosphonic acid. This metabolite 
is antivirally active against HIV. These charged metabohc depot forms are exceptionally 
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persistent in the cells, thereby permitting substantial reductions in the frequency of dosing 
con^ared to the parental prototype, among other advantages. In addition, the esterified 
carboxyl or phosphonate substituent may direct the selective distribution of the prototype to 
tissues (most particularly lymphoid tissues siich as PBMCs) which are noted sites of HIV 
mfection, thereby potentially reducing systemic dose and toxicity. 

* 

In further embodiments, ass^nng for anti-HIV activity optionally conprises screening 
the candidate coiiqK>unds for their susceptibility to esterolytic cleavage by isolated GS-7340 
Ester Hydrolase. The isolated Hydrolase is a further embodnnmt of this invention. 

Since GS-7340 Ester Hydrolase may interact vnth other conqK)unds than the anti-HIV 
candidates, it will be of pharmacologic utility to determine if the enzyme is cleaving such other 
compounds. Thus, another embodiment of this invention is a method conq)rising obtaining a 

* 

substantially pure organic molecule, optionally contacting the organic molecule with another 
molecule to produce a coirposition, contacting GS-7340 Ester Hydrolase with said organic 
molecule or composition, and optionally determining whether the organic molecule has been 
cleaved by the Hydrolase. 

In another embodunrat, a method is provided conqirising contacting GS-7340 Ester 
Hydrolase with an organic conoqpound in a cell-free environment. 

In a furthOT embodiment, a method is provided conpising contacting GS-7340 Ester 

« 

Hydrolase with an organic con^und in an in vitro or cell culture envhx>ninent. 

In anoth^ embodiment, a composition is provided comprising a substantially pure 
organic conq^ound and isolated GS-7340 Ester Hydrolase. 

In another embodimrat, a con^osition is provided conqHising an organic compound 
and GS-7340 Est^ Hydrolase in an in vitro or ceD culture environment. 

These and other embodinents of this invention are more fiiDy described in the 
following disclosure. 
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Detailed Description of the Invention 

The fo]Iowing disclosure contains detailed embodiments of the practice of the 
invention. These are provided to more fuDy describe the invention, but the invention is not 
limited to these enobodinaients. 

"Anti-HIV activity' of candidates is determined by any method for assaying the HIV 
inhibitory activity of a substance. Many such methods are weO known, and range from in vitro 
enzyme assays (e.g.» HIV reverse transcriptase or integrase assays) to animal studies (e.g., SIV 
in chimps) and human clinical trials, included with this term are any assays bearing on the 
therapeutic anti-HIV efiScacy of a substance, e.g., HIV resistance determinations, 
biodistributioD, and intracelhilar persistence. 

* 

''Candidate compound^ k an organic compound containmg an esterified carboxylate or 
phosphonate. Optionally, candidate conipounds excluded confounds heretofore known to 
have anti-HIV activity. With respect to thp United States, the candidate compounds herein 
exclude compounds that are antidpated under 35 USC § 102 or obvious under 35 USC §103 
over the prior art. In other jurisdictions using the novelty and inventive step criteria, the 
candidate coii:;>ounds exclude confounds not novel or which lack inventive step over the 
prior art. However, libraries containing candidate coxqpoiinds optionally comprise known 
compounds. These may be, for exanq>le, reference compounds having known anti-HIV 
activity. 

''Non-nudeotide'* means any conqK>und that has aU of the following characteristics: It 
does not already contain an esterified carbo^l (x phosphonate, it is not a jphosphonate or 
phosphate-containing compound disclosed in WO 02/08241, EP 820,461 or WO 9SAr7920 
and it does not already contain a phosphonate group. GS-7340 is an example of a nucleotide 
anti-HIV conqpoui^ Many oth^ exanples of such coiq)ounds are known* These 
compounds are excluded from the scope of prototype confounds and are not employed in the 
candidate conf)ound screening method or candidate compound ompositions of this invention. 
For the most part, the nucleotide analogues conprise the substructure -0C(H)2P(0)= coupled 
(usually at the 9 position of purine bases or the 1 position of pyrimkline bases) via a sugar or 
cychc or acyclic sugar analogue (aglycon) to a nucleotide base or an analogue thereof. The 
base analogues typically are substituted, usually at extracyclic N atoms, or are the aza or deaza 
analogues of the naturally occuring base scaffolds. They are fully set forth in the above 
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described art and are weD known in the field. See for example U.S. Patent 5,641,763 and 
related patents and publications by Antonin Holy. 

Optionally excluded firom the scope of the libraries of this invention are any 
phosphonates disclosed by W099/33815, W099/33792, W099/33793. WO0(y76961 and 
their related, progei^ and parental filings, all of which are hereby incorporated by refer^ice. 
However, unless expressly excluded by the claims herein, sach compounds shall be considered 
candidate compounds. Furth^, the act of niaking and screening the phosphonates of such 
filings to detmnine their intracellular persistence (wheth^ by preclinical assays such as that 

m t 

using GS-7340 Ester Hydrolase, or by clinical studies) falls within the scope hereof, as does 
obtaining regulatory approval to market one of them and selling the selected phosphonate. 

♦ 

"Non-nucleoside'' means any con^und that is not a nucleotide base linked to a sugar 
or aglycon (cyclk: or acyclic) and terminating at the position (or the analogous position in 
nucleosides containing sugar analogues) by hydroxyl or a group which is metabolized in vivo 
to hydro^L Hie nucleosides are distinguishable fi:om the nucleotides in not containing a 
phosphate or, in the case of relevant nucleotide analogues, a jdiosphonate. 

Tbo$phonateH:ontaining group** is a group conq>rising a pho^horus atom singty 
bonded to carbon, double bonded to oxygen and sin^ bonded to two oth^ groups through 
OT^gen, sulfur, or nitrogen. In general, the carbon bond is to a carbon atom of the prototype 
or a linldng group to the prototype and the single bonds to os^gen, nitrogen or sulfiir are 
bonds to oxy or thioesters or are amino acid amidates in which the terminal carboxyl group(s) 

■ 

are esterified. 

'"Carboxyl-contaming groups'* are any group having a fiee carboxyl s^-ving as the site 
for esterificatk>n. An ''organic add" is any conqx>und containing carboxyl and at least one 
additional carbon atom. 

■ 

The "esterified carboxyl or esterified phosphonate group*' is any group capable of 
intracellular processing to yield a freie carboxyl and/or fi'ee pbosphonic add. The structure 
of these groups is not inq>ortant other than that the firee acid be produced intracellularly* 
Preferably, systemic or digestive esterolysis is minimized in preference to intracellular 
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bydrolysis. This pemoits maximum migratioa of the candidate into target cells and 
maximum intracellular retention of the acid metabolites. 



Suitable exemplary esterified carboxyl or pbosphonate groups are described herein. 
Others are identified by saeening for esterolysis in vivo, in PBMCs or using GS*7340 
Ester Hydrolase. These groups have the structure A^, wherein is a group of the 
formula 




M12b 

in which: 

is independently O, S, N(R^, N(0)(R*), N(OR"X N(0)(OR*), or N(N(R")(R*)); 
is independently a bond, O, N(R*), N(0)(R*), N(OR*), N(0)(OR''), N(N(RW))» 
S(0)m2-, or -S(0)m2-S(0)m2-; 

R^ is independently H, W^, a protecting group, or a group of the formula: 




Mia 

R^ is indq»endent^ H, R^ or a protecting group; 

* 

R' is mdq)endeirtfy H or allqyl of 1 to 18 caiton atoms; 

is independently H» R? or R* wherein each R* is independently substituted with 0 to 
3 groups; 

R^ is R\ R^, R^ or R^, provided that when R^ is bound to a he^atom, tiben R' is 
R^'orR*'; 

R^' is F, d Br, I, -CN.Ns or -NO2; 
R^" is Y'; 

is -K\ -N(R*)(R''), -SR\ -S(0)R\ -S(0)2R^ -S(0)(OR*), -SCOMOR"), - 
OC(Y')R\ -0C(Y')OR\ -OC(Y^)(N(R'')(R'')), -SC(Y')R*, -SC(Y')OR\ -SC(Y')(N(R*)(R*)). 
-N(R'')C(Y')R\ -N(R*)C(Y')0R% or -N(R'')C(Y')(N(RW)) ; 
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is -C(Y^)R\ .C(Y^)OR' or -C(Y^)(N(R^(R')); 
R^ is an alkyl of 1 to 18 carbon atoms, alkenyl of 2 to 18 carbon atoms, or alkynjd of 2 
to 18 carbon atoms; 

R^ is R^ wh^ein eachR^ is substituted with 0 to 3 R^ groups; 
R^^ is independently alkylene of 1 to 18 carbon atoms, alkenylene of 2 to 18 carbon 
atoms, or alkynylene of 2-18 carbon atoms any one of which alkylene, alkenylene or 
aOcyaylaie is substituted with 0-3 groups 
W'isW*orW*; 

is R^ -C(Y')R\ -C(Y')W^ -SOjS^, or -SOjW^ 

is caibocycle or beterocycle wherein is indqiendentfy substituted with 0 to 3 

1 

groups 

. M2is0, lor2; 
M12a is 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 or 12; 
MI2b is 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 or 12; 
Mia, Mlc, and Mid are independently 0 or 1 ; and 
M12c is 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 or 12. 

m 

The esterified group is attached to the prototype through a bond or via intermediary 
linking groups such as the subgroup -[Y^-(C(R^)2)ini2a]mi2bY^W*- defined beh>w. 

Candidates optionally are substituted with a single substituent which contains both an 
esterified carboxyl and an esterified phosphonate. In addition^ or as an alternative, the 
candidate contains separate substituents bearing esterified carboxyl and/or phosphonate 
groups. An example of a combined group would a phosphonate in which a fiee valence of tte 
phosphorus atom is bonded to the hydroxy of an hydroxyorganic acid or to the amino group 
of an amino acid wherein the carboxyl groups of the organic acid or amino acid are esterifed. 

^'Esterified" means that the phoq[>honate or carboxyl is bonded to a carbon atom- 
containing group through oxygen or sulfiir, as in -P(0)(OR)- or -COOR for example, where 
R is a carbon containing group such as alkyl or aiyL 

"Protecting group*' is a group covalently bonded to a labile site on the candidate 
conmound, wluch site is expected to be labile under the conditions to be encountered by the 



wo 2004/096818 PCT/EP2003/012423 

8 

candidate, for exaiq)le during synthetic procedures, during exposure to ambient conditions, 
and the conditions found in in vivo environments. The protecting group serves to prevent 
degradation or otherwise undesired conversions at the labile site. Extensive disclosure of 
various exen[5)lary protecting groups is found infra, 

*lntracellular depot metabolite" is an esterolytic metabolite of the esterified carboxyl or 
phosphonate whereby a charged carboxyl or phosphonic add is revealed. An example is 
. Met2dx)]ite X, further described in the exanq>Ies. 

'Tissue selectivity* of candidate compounds is det^mined by procedures set forth in 
WO02/0824L Hie object of this determination is to find whetha: or not the candidate (and by 

extension its dqpot fomos) are enriched in one tissue or another. It is expected that 

■* . • • 

con^unds containing the carboJi^l or phosphonate groups as described herein wiH be 

. • . • 

preferentially enriched in lyn^hoid tissue such as PBMC& 

^Intracellular residence time," -intracellular pw^tence," '%traceliular half life** and 
the like refers to a measure of the time that a candidate moScule or its anti-HIV active 
metabolite is found within a given ceU after introduction of the esterified candidate into the 
celL Any technique is suitable that demonstrates how long a candidate or its anti-HIV active 
metabo]ite(s) remain in a ceE Further descrq)tion of suitable assay procedures are set forth 
in/ra. Ideally, the method for measuring residence time will measure the retention time of the 
metabolite at a concentration adequate to inhibit HIV. 

■ 

A "^prototype compound" is any organic conq>ound In general, in the method of this 
invention one will sdect prototype conq[K>unds having known structures and synthesis routes 
.in order to reduce the synthetic burden and development costs. Typkally, the prototype 
compound will be one that has, or at least is su^ected, to have anti-HIV activity. However, 
since the prototype conq>ound is serving only as a starting point for preparing candidate 
conq)Ounds to be screened, it is not essential that it have, or be known or su^ected to have, 
I^eexisting anti-HIV activity. The prototype compound need not be published or known 
general^ to the public. In fact, the method of this invention is advantageously practiced in on- 
going {MToprietary research programs where anti-HIV conqpounds are continually identified and 
optimized. It also should be understood that identification or selectbn of the prototype 
con^und need not be temporally related to that of the candidate conqK>und. This means that 
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the prototype might be idendSed after one or more related candidate coinpounds are made, or 
the prototype might be an early version of a confound class that has advanced further into 
development before the candidate based on the early prototype is actually synthesized. The 
prototype coiqpound also may be entirely conc^tual pr may be in various phases of 
development. No actual prototype need to have been made, nor tested for activity or .any 
other properties. This is often the case with candidates that are the product of truncating an 
existing conq[>ound and then inserting a link^ group in place of aD or a part of the omitted 
portion. In additbn, it is not necessary that the prototype confound be conceived 
independent^ of the esterified substituent, Le., it is not necessary to have the prototype in 
mind before designing the esterified substitution. The conception of the candidate compound 
optionally is a single act. Of course, the candidate conqiound may be based on a prototype 
which is in &ct a previously made candidate compound and the subsequent candidate is 
multiply substituted with the carboxyl or phosphonate ester. Also, it will be understood that a 
candidate or group of candidates conqKDunds optionally are based on an original prototype 
even though intervening candidates or libraries of candidates have been made. 

The prototypes generally serve as the starting point fox designing and Kientifying 
candidate compounds. Generally a prototype will not contain a phosphon9te or carboxyl 
group» but it may do so if the phosphonate or carboxyl are not esterified (since candidates 
contain esterified pho^bonate or carboxyl groups). It is most efiBcient to start with 
prototypes already known to have anti-HIV activity (preferably compounds active against 
anti-HIV protease, HTV integrase or HIV polymerase), but it is not essential to do so. For 
exanq)le, a prototype optionally is a subsegment or fi'agmirat of a conq>ound known to possess 
anti-HIV activity, even though the firagment need not be active against HIV in its own right. 
In this instance, the phosphonate or carboxyl group restores anti-HIV activity to tte 
candidate. 

'linker'* or '%ik** is a bond or an assend)^ of atoms bindmg the prototype to the the 
esterified i^sphonate or caiboj^rcontaining group. The nature of the linker is not critical 
The linker need not be involved in the interactions of the esterified carboxyl or phosphonate 
group with GS-7340 Ester Hydrolase or other processing enzymes, nor need it be involved in 
the therapeutic interaction of the prototype with its target protein. Ibis is not to say that these 
functions could not be enhanced or influenced by the linker, but it is not necessary that the 
linker perform or contribute to such functions. Thus, it is a straight-forward matter of 
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elem^tal organic cheipistry to devise suitable linkergroups and methods for joining the 
esterified groups. 

Some general principles are usefiil in selecting suitable linkergroups, despite their lack 
of criticality. First, they will not be so buOQr as to interfere with the interaction of the 
remainder of the prototype with its target protein, e.g., HIV protease inhibitor, nor win they 
bear reactive or unstahk groups once the linkage has been acconoplished. Such chemically 
. reactive groups will be well known to the artisan, and the parameters of buU^ Hnkers can be 
evaluated by molecular modeling. Resources are available to model proteins involved in a 
number of diseases and disorders of lymphoid tissues, in particular HIV protease. In gtnml^ 
the linker wiQ be relatively small, on the order of about 16-500 MW, typically about 16-250, 
ordinarily about 16-200, although as noted the Imker can be as small as a bond. It generally 
wiD be substantial^ linear, containing less than about 40% of the total MW of the linkeratoms 
being found in branching groups, typically less than 30% and ordinarily less than about 20%. 

The backbone of sudi linkergroups ideally will not contain any atom that is known to 
be labile to cleavage by biological processes or otherwise subject to hydrolysis in biological 
fluids. Typical suspect groups would be esters or amides in the backbone of the linker. The 
object is for the carboxyl or phosphonate to survive intracellular processing, with only the 
ester(s) being hydrolyzed, and the presence of labile groups in the backbone would jeopardize 
this fimction. However, if ensQanatic access to labile atoms or groups is sterica% hindered, 
e.g., by a cycloalkyi group or branched alkyl group, then labile sites optionally may be used in 
the linker. Labile groups also optionally are can be found in locations other than bacldtone 
positions, e.g. on branching groups or cyclic substituents, where their potential cleavage 
would not result in the loss of the free acid functionality. Backbone alkyls, alkyl ethers (S or 
O), or alkyl containing N in any oxklatbn state are usualfy satis&ctory. Generally the linker 
backbone is linear rather than branched or cyclfe (although it may be desired to use branching 
or cydk backbones when multiple estaified groups are substituted onto the prototype). The 
linko: generally is chosen to pmnit substantial rotatbnal freedom to the esterified group, and 
for this reason backbone double or triple bonds are not favored unless it is expected that they 
would be metabolized to less rotational^ confined structures in vivo (e.g., oxidized to 
hydroxy! substituents). If it is desired to avoid interactions with the target protein then the 
linker optimally will have neither highly charged nor strongly hydrophobic character, although 
as noted such properties can have advantages in enhancing anti-HIV activity. 



wo 2004/096818 



11 



PCT/EP2001A)12423 



Tbe typical linl^ to phoq>lx>iiate wffl comprise at least the group -OCHj- (whaein 
the carbon is linked to tte phosphorous aton^ , but many others wiD be apparent to the artisan 
or are described elsewhere herein. 



Synthetic ease optionally wiU play a role in selection of the linker. For this reason, 
many linkers will contain a backbone or diain hetwoatom such as 1 to 3 S, N w O. Howevo-, 
occasionally the prototype compound wiU contain a convenient site for insertion of the linker 
e.g., a pendant hydroxyl, thus enabling a small linkergroup because the phosphorous atom can 
be linked directly, or virtually directly, to the prototype. Synthetic routes also can be devised 

■ 

readily that permit direct linkage of the phosphorous atom to the prototype, in which case the 
linker is merely a bond. 

Tte linker optionally is grafted onto the prototype, or the prototype conq>ound is 
optionaBjr is modified to remove group(s) which then are replaced with Iinker(s). This m^ 
fecilitate the synthesis of the candidate compound or, in some instances, may fortuitously 

improve tte iffopMties of the candidate. This may or may not be more efficient that sni5)iy 
grafting onto tte prototype. 



Itli « 



Typically, tte starting point in devising a fedle synthetK route for a candidate 
compound is to analyze tte synthons emptoyed in known methods for pr(5)aring tte remai 
of tte prototype con^und, concenfrating on q^nthons whkh couU contribute at least a part 
of tte esterified group. Such synthons optional^ are modified to contain tte esterified group 
or a portion thweof (e.g., the acid, which is then esterified in a later step). They are then 

introduced into tte remamdcr of tte candidate in substantially the same feshion as tte 
prototype or antecedent compound. Altemativdy, a reactive groap is introduced into tte 
synthon bdbre it is assented into tte precursw, and it is this group that is reacted with an 
intermediate for tte carboxyl or ptesphonate group. If necessary, suitable protecting groups 
are empbyed to fidlitate tte synthesis. 



Tte site fOT inseiti(Hi of tte esterified cari»^l or phospbonate group on the protoQ^e 
win vary widely. Tte estoified group preferably is substituted at aliy location on the 
prototype that does not bind substantially with tte tai^et protein or affect the fonctioning of a 
groiq> that does mteract with tte target protein. These sites are identified by molecular 
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modeling, by consulting systematic S AR studies or by preparing pilot candidate con^unds. 
However, it is also within the scope of this invention to insert the esteiified groups at a site 
which is invoked in binding the prototype to the target protein. Such sites optionally are used 
if (a) the linker reasonably replicates the function of the group on the prototype that it is 
displacing, e.g., it possesses a side chain containing the group, (b) if the bss in binding affinity 
is not critical to the functioning of the prototype or (c) if other substitutents are intioduced 
into the prototype that conopmsate for any loss in activiQr caused by the insertion of the linker. 

Tb& linkCT generally win contain at least two free valences (1 for the prototype and 1-3 
for the esterified groups). Multivalent linkergroups can be enq)loyed to form a cyclic 
structure, being joined at 2 or more sites on the prototype and forming a bridge, the bridge in 
turn being subsituted with one or nwre esterified carboxyl or phosphonate groups or including 
at least one atom enconq)assed within such groups. In addition, the linker does not need to be 
bound to the esterified group and/or the remainder of the prototype by a covalent bond, nor 
need it consist solely of covalently bonded atoms. Any bond meting the basic criteria herein 
win be satisfactory, as for example linkage by chelation or other stable non-covalent 
attachment systems are included within the scope of the tscm '1}ond'* as used herein. 

* 

Linkers also include potymers, e.g., those containing repeating units of alkyloxy (e.g. 
polyethylenoxy, PEG, polymethyleneo^Qr} and/or alkylamino (e.g. polyethyleneaminD, 

Jefiamine'^. Other linker groups indude diackl est^ and anndes including succinate, 
succinamide, diglycolate, malonate, and caproamide. 

Suitable linker groups optfonally are prescreoied by testing model candidates in the 
same feshbn set forth herein for disclosed candidate conq)ounds, e.g., screening using the ' 
Ester Hydrohse described herein, or by studying the effect of a model linker-containing 
candidate confound in PBMCs. 

T^pkal linkers have the substructure -IY^C(R^)2)mi2a]mi2bY^W*-wherein Y^ R^ 
ml2a and ml2b are defined elsewhere herein, is having from 1 to 3 free valences and 
the prototype is bound to the with free valence. However, many other structures would be 
apparent to the ordinary artisan and can be prepared fay conventional means using the guidance 
herein. 
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Defined C hemical Termg 

ft 

"AlkyI" is Ci-Ci8 hydrocarbon containing nonnai, secondary, tertiary or cyclic carbon 
atoms. Exanoples are methyl (Me, -CH3), ethyl (Et. -CH2CH3), 1 -propyl (n-Pr, n-propyl, - 
CH2CH2CH3). 2-propyl Q-Pr, i-propyl, -CH(CH3)2), 1-butyl (Q-Bu, n-butyl, - - 
CH2CH2CH2CH3), 2-methyl.l-propyI Q-Bu, i-butyl, -CH2CH(CH3)2X 2-butyl fe-Bu, §- 
butyl, -CH(CH3)CH2CH3). 2-methyl-2-propyl a-Bu, t-butyl, -C(CH3)3), 1-pentyl (a-pentji, - 
CH2CH2CH2CH2CH3), 2-pentyl (-CH(CH3)CH2CH2CH3), 3-pentyl (-CH(CH2CH3)2), 2- 
methyl-2-butyl (-C(CH3)2CH2CH3), 3-methyl.2-butyl (-ai(CH3)CH(CH3)2X S-methyl-l- 
butyl (-CH2CH2CH(CH3)2), 2-meihyl-l-butyl (-CH2CH(CH3)CH2CH3), 1-hexyl (- 
CH2CH2CH2CH2CH2CH3), 2-hexyl (-CH(CH3)CH2CH2CH2CH3), 3-hexyl (- 
CH(CH2CH3XCH2CH2CH3)). 2«methyl-2-pentyl (-C(CH3)2CH2CH2CH3); 3-methyl-2. 
pentyl (-CH(CH3)CH(CH3)CH2CH3X 4-metb^-2-pentyi (-ai(CH3)CH2CH(CH3)2), 3- 
methyW-pentyl (-C(CH3)(CH2CH3)2), 2-methyl.3-pentyi (-CH(CH2CH3XM(CH3)2), 2,3- 
diinethyl-2-butyl (-C(CH3)2CH(CH3)2). 3.3-dimethyl-2-butyl (-CH(CH3)C(CH3)3. 

'*Alkenyr is C2'Clg hydrocarbon containing normal secondary, tertiary or cyclic 
carbon atoms with at least one site of unsaturation, Le. a carbon-carbon, sp^ doable bond. 
Exan^les include, but are not limited to: ethylene or vinyl (-CH=CH2), allyl (-CH2CH=CH2), 
cyclopentaiyl (-C5H7), and 5-hexenyl (-CH2 ai2CH2CH2CH=CH2) 

"Alkynyf" is C2-Cig hydrocarbon containing normal, secondary, tertiary or cyclic 
carbon atoms with at least one site of unsaturation, ie. a carbon-carbon, sp triph bond. 
Examples include, but are not limited to: acetyl^uc (-OCH) and propargyl (-CH2(MIH), 

"Aiicylrae'' refers to a saturated, branched or straight chain or cyclic hydrocarbon 
radical of 1-18 carbon atoms, and having two monovalent radical centers doived by the 
removal of two hydrogen atoms fiom the same or two difierent carbon atoms of a parrat 
alkane. laical allcylene radicals include, but are not limited to: n^thyl^e (-CH2-) 1,2-eth^ 
(-CH2CH2-), 1,3-propyl (-CH2CH2CH2-), 1,4-butyl (-CH2CH2CH2CH2-), and the like. 

"Alkenylene" refers to an unsaturated, branched or straight chain or cyclic 
hydrocarbon radical of 2-1 8 carbon atoms, and having two monovalent radical centers derived 
by the removal of two hydrogen atoms from the same or two different carbon atoms of a 
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parent aDcene* Typical alkenylene radicals include, but are not limited to: 1,2-ethylene 
(-CH=CHO. 

"Alkynylene'' refers to an unsaturated, branched or straight chain or cyclic 
hydrocarbon radical of 2-18 carbon atoms, and having two nionovalent radical centers derived 
by the removal of two hydrogen atoms from the same or two different carbon atoms of a 
parent alkyne* Typical aO^ylene radkals include, but are not limited to: acetylrae (-OC-), 
propargyl (-CH2CM:.), and 4.pentynj4 (-CH2CH2CH2CfeCH-X 

" Aryr means a monovalent aromatic hydrocarbon radical of 6-20 carbon atoms derived 
by the removal of one hydrogen atom from a single carbon atom of a parent aromatic ring 
system Typical aryl groups include, but are not limited to, radicals derived from benzene, 
substituted benzene, naphthalene, anthracene, bipbenyi, and the hke. 

''ArylalkyF icfets to an acyclic alkyl radical in which one of the hydrogen atoms 
bonded to a carbon atom, typicalfy a terminal or sp^ carbon atom, is replaced with an aryl 
radical Typical aiylaB^l groups include, but are not limited to, benzol, 2-phenylethan-l-yl, 2- 
phenylethen-l-yl, naphthyhnethyl, 2-naphthylethan-l-yl, 2-naphthylethen-l'-yI, naphthobenzyl, 
2-ni9hthophenylethan-l-yl and the like. Ilie aiylalkyl group conq>rises 6 to 20 carbon atoms, 
e.g. the aOcyi moiety, including alkanyl, alkenyl or alkyn)4 groups, of the ar^alkyl group is 1 to 
6 carbon atoms and the aryl moiety is 5 to 14 carbon atoms, 

"Substituted alkyF, "substituted aryl", and ^^substituted BxyVaSkyT mean alkyl, aryl, and 
arylalkyl respectively, in which one or more hydrogen atoms are each independent^ replaced 
with a substituent. Typical substituents inchide, but are not Umited to, -X, -R, -0\ -OR, -SR, 
-S; -NR2, -NR3, =NR, -CX3, -CN, -OCN, -SCN, -N=C=0, -NCS, -NO, -NO2, =N2, -N3, 
NC(=0)R, -C(=0)R, -C(=0)NRR -S(=0)20-, -S(=0)20H, «S(=0)2R, -0S(=0)20R. - 
S(=0)2NR, -S(=0)R, -OP(=0)02RR.-P(=0)02RR -Pi=0)iO% -P(=0)(0H)2, -C(=0)R, 
-C(=0)X, -C(S)R, .C(0)0R, -0(0)0", ^C(S)OR, -C(0)SR, -C(S)SR, .C(0)NRR, -C(S)NRR, 
-C(NR)NRR, where each X is independent^ a hatogen: F, CI, Br, or I; and each R is 
independently -H, alkyl, aryl, heterocycle, protecting group or prodrug moiety. Alkylene, 
alkenylene, and alkynylene groups may also be similarfy substituted 

"Heterocycle" as used herein includes by way of example and not limitation these 
heterocycles described in Paquette, Leo A.; "Principles of Modem Heterocyclic Chemistry" 
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(W.A. Benjamm, New York, 1968), particularly Ch^ters 1. 3, 4, 6, 7, and 9; "The Chennstry 
of Heterocyclic Con5)ounds, A sacies of Monographs" (John Wiley & Sons, New York, 1950 
to preset), in partfcular Volumes 13, 14, 16, 19, and 28; and /. Am Chem. Soc (1960) 
82:5566. 

Exan^les of heterocycles include by way of exanople and not limitation pyridyl, 
dihydroypyridyl, tetrahydropyridyl (piperidyl), thiazolyl, tetrahydrothiophenyl, sulfiir oxidized 
tetrahydrothiophenyl, pyrimidinyl, furanyl, thienyl, pyirolyl, pyrazolyl, imidazolyl. tetrazolyl, 
benzo&ranyl, thianaphthalenyl, indolyl, indolenyl, quinolinyl, isoquinolinyl, benzimidazolyl, 
piperidinyl, 4-pq)eridonyl, pyiroEdinyl, 2-pyrrolidonyl, pyrrolinyl, tetrahydrofuranyl, 
tetrahydroquinolinyl, tetrabydroisoquinolinyl, decahydroquinoliny], octahydroisoquinolinyl, 
azocinyl, triazinyl, 6H-l,2,S-thiadiaziny], 2H,6H-l,5,2-dithiazinyl, thienyl, tbiantfarenyl, . 
pyranyl isobenzofinranjd, chromenyl xanthenyl, pheDoxathinyl, 2H-pyrrotyI, isothiazolyl^ 
isoxazolji, pyraziny], pyridazinyl, indolizinyl, isoindolyl, 3H-indolyI, IH-indazoly, puiinyl, 4H- 
quinolizinyl, phthalazin^d, naphthyrkfinyl, quinoxalinyl, quinazolinyl, cionolinyl, pteridinyl, 
4aH-carbazolyl, carbazotyl, p-caifoolinyl, phenantfaridinyl, acridinyl, pyrmudinyl, 
phenantbrolinji, phenazinyl, phenotfaiazinyl, faiazmyU phenoxazinyl, isocliromanyl, 
chromanyl, imidazolidinyl, imidazolinyl, pyrazoHdinyl, pyrazolinyl, pq)erazinyl, indolinyl, 
isoindolinyl, quinuclidinyl, moipholinjd, oxazolidinyl, brazotriazolyl, benzisoxazolyl, oxindolyl, 
benzoxazoHnyl, and isatinoyL 

By way of exanq>le and not limitation, carbon bonded heterocycles are bonded at 
position 2, 3, 4, 5, or 6 of a pyridine, position 3, 4, 5, or 6 of a pyridazine, position 2, 4, 5, or 
6 of a pyrimidine, position 2, 3, 5, or 6 of a pyrazine, position 2, 3, 4, or 5 of a furan, 
tetrahydrofuran, tbiofiiran, thiophene, pyrrole or tetrahydropyrrole, position 2, 4, or 5 of an 
oxazole, imidazole or thiazole, position 3, 4, or 5 of an isoxazole, pyrazole, or isothiazole, 
position 2 or 3 of an aziridine, position 2, 3, or 4 of an azetidine, position 2, 3, 4, 5, 6, 7, or 8 
of a quinoline or position 1, 3, 4, 5, 6, 7, or 8 of an isoquinoline. Still more typically, carbon 
bonded heterocycles include 2-pyridyl, 3-pyridyl, 4-pyridyl, 5-pyridjd, 6-pyridyl, 3-pyridazinyl, 
4-pyridazinyl, 5-pyridazinyi, 6-pyridazinyl, 2-pyrimidinyl, 4-pyrimidinyl, 5-pyrimidinyi, 6- 
pyrimidinyl, 2-pyrazinyl, 3-pyrazinyl, 5-pyrazinyl, 6-pyrazinyl, 2-thiazoly], 4-thiazolyl, or 5- 
thiazolyL 

By way of exanq)le and not limitation, nitrogen bonded heterocycbs are bonded at 
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position 1 of an azkidine, azetidine, pyrrole, pyrrolidine, 2-pyrroIine, 3-pyrroline, imidazole, 
imidazolidine, 2-imidazolae, 3-imidazoline, pyrazolc, pyrazoBne, 2-pyrazoline, 3-pyra20line, 
piperidine, piperazine, indole, indoline, IH-indazole, position 2 of a isoindole, or isoindoline, 
position 4 of a morpholine, and position 9 of a carbazole, or P-carboline. Still more typically, 
nitrogen bonded heterocycles include 1-aziridyl, 1-azetedyl, l-pyrrolyl, 1-imidazolyl, 1- 
pyrazolyl, and 1-piperidinyL 

"Carbocycle" means a saturated, unsaturated or aromatic ring having 3 to 7 carbon 
atoms as a monocycle or 7 to 12 carbon atoms as a bicycle. Monocyclic carbocycles have 3 to 
6 ring atoms, still more typkaUy 5 or 6 ring atoms. Bicyclic carbocycles have 7 to 12 ring 
atoms, e.g. arranged as a bicyclo [4,5], [5,5], [5,6] or [6,6] system, or 9 or 10 ring atoms 
. arranged as a bicyclo [5,6] or [6,6] system. Exanqiles of monocyclic carbocycles include 
cyclopropyl, cycl6but>d, cyclopentyl, 1-cyctopent-l-enyl, l-cyctopent-2-enyl, l-cyclopent-3~ 
enyl, cyclohexyl, l-<;yclohex-I-enyI, l-cyclohex-2-enyl, l-cyclohex-3-enyl, phenyl, spiryland 
naphthyL 

The term "chiral'* refers to molecules which have the property of non-superinoposability 

of the inirror image partus, while the tenn **achiral'' refers to molecules 
. superinq>osable on their nnrror image partner. 

Hie term "stereoisomers" refers to compounds which have identical chemical 
constitution, but differ with regard to the anrangement of the atoms or groups in space. 

"Diastereomer'* refera to a stereoisomer with two or more centers of chirality and 

■ 

whose molecules are not mirror images of one anoth^ . Diiast^eom^ have differ^ physical 
properties, e.g. melting points, boiling points, q)ectral properties, and reactivities. Nfixtures of 
diastereomers may sq>arate under high resolution analytical procedures such as 
electrophoresis and chromatography. 

"Enantiomers" refer to two stereoisomers of a compound which are non- 
superiinposable mirror images of one another. 

Stereochemical definitions and conventions used herein generally follow S. P. Parker, 
Ed., McGraw-Hill Dictionary of Chemical Terms (1984) McGraw-Hill Book Conqjany, New 
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York; and EKel, E. and Wflen, S., StereochemiQ trv of Org ani c ComTX)pnds (1994) John Wiley 
& Sons, Inc., New York. Many organic compounds exist in optically active forms, Le., they 
have the ability to rotate the plane of plane-polarized light In describing an optically active 
compound, the prefixes D andthe linkeror R and S are used to denote the absolute 
configuration of the molecule about its chiral center(s). The prefixes d andthe linkeror (+) and 
(-) are employed to designate the sign of rotatk)n of plane-polarized 1^ the compound, 
with (-) or 1 meaning that the conqwund is levorotatory. A con5X)und prefixed with (+) or d 
is dextrorotatory. For a given chenrical structure, these stereoisomers are identkal except that 
they are mirror images of one another. A specifc stereoisomer may also be referred to as an 
enantfomer, and a mixture of such isomers is often called an enantiomeric mixture. A 50:50 
mixtureofenantioinersisreferredto asaracernicrnktureor aracemate, which may occur 
where there has bera no stereoselection or stereospecificity in a chemical reactbn or process. 
The terms "racemic mixture" and "racemate" refer to an equimolar mixture of two 
enantiomeric ^ecies, devoid of optkal activity. 

Whenever a con^)ound described herein is substituted with more than one of the same 
designated group, e.g., "R^ " or "R^", then it will be understood that the groups may be the 
same or different, Le., each group is independently selected. 

Candidate con?>ounds contain at least one A^ (which in turn contains 1-3 A^ groups) 
but also may contain at least one A^ group. 

A'is: 
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J M12b 




M12b 



Y' is independently O, S, N{K), N(0)(R"), N(OR*), NiO){OR\ or N(N(R^)( 

R*)); 1...- ■ 

Y'is independently a bond, O, NCR"), NCOXR"), NiOBT}, NpXOR"), N(N(RO( 
R")). -S(OW, or -S(OWS{0)^-; 

R' is independently H, R', W', a protecting group, or the formula: 




R' is independently H, W , R or a protecting group; 

■ ' * 

R^is iiidep^idently H or an alkyl of 1 to 18 carbon atoms; 

is independently H, RV R* or R* wherein each R^ is indepaidently 
substituted with 0 to 3 R' groups; 

R' is If, R* R*" or R**, provided that when R^ is botmd to a heteroatom, then 
R'isR'^orR''; 

is F, d Br, I, -CN, N3 or -NO^ 
R* is Y'; 

R* is -R*, -N(R=')(R"), -SR^ -S(0)R^ -S(0)^', -S(0)(OR^ -S(0),(OR^ 
-CX:(Y')R^ -OC(Y')OR", -OCC^'XNCROCR-)), -SCCYX, -SC(Y')OR^ 
-SC(Y')(N(R^)(R")), -NCRWK, -N(R")C(Y')0R«, or -N(R")C(Y')(N(R')(R')) ; 

R^ is -C(Y')R', -CCY'PR" or -C(Y').(N(R'')(R")); 
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is an alkyl of 1 to 18 carbon atoms, alkenyl of 2 to 18 carbon atoms, or 
alkynyl of 2 to 18 carbon atoms; 

R is R wherein each R is substituted with 0 to 3 R^ groups; 
W'isW'orW"; 

W* is R^ .-C(Y')R^ -C(Y')W', -SO R^ or -SO^^^ 

is carbocyde or heterocyde wherein is independently substituted with 
0 to 3 R^ groups; 

is independently substituted with 1, 2, or 3 groups; 

is a heterocyde bonded through a nitrogen atom of said heterocyde and 
independently substituted with 0, 1 or 2 A" groups; 
M2is0,lor2; 

M12a is 1, 2, 3, 4, 5,6, 7, 8, 9, 10, 11 or 12; 
M12b is 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 or 12; 
Mia, Mlc, and Mid are independently 0 or 1; and 
M12c is 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 or 12. 

carbocycles and hetwocycles may be independently substituted with 0 to 3 R^ 
groups. may be a saturated, unsaturated or aromatic ring conqMismg a mono- or bicydic 
carbocyde or heterocyde. may have 3 to 10 ring atoms, e.g., 3 to 7 ring atoms. The 
rings are saturated when containing 3 ring atoms, saturated or mono-unsaturated when 
containing 4 ring atoms, saturated, or mono* or di-unsaturated when containing S ring atoms, 
and saturated, mono- or dirunsaturated, or aromatic when containing 6 ring atoms. 

» 

A heterocyde may be a monocyde having 3 to 7 ring members (2 to 6 carbon 
atoms and 1 to 3 heteroatoms sdected from N, O, P, and S) or a bicycle having 7 to 10 ring 
memibers (4 to 9 carbon atoms and 1 to 3 teteroatoms selected fromN, O, P, and S). 
heterocyclic monocycles may have 3 to 6 ring atoms (2 to 5 carbon atoms and 1 to 2 
heteroatoms selected from N, O, and S); or 5 or 6 ring atoms (3 to 5 carbon atoms and 1 to 2 
heteroatoms selected from N and S). heterocyclic bicycles have 7 to 10 ring atoms (6 to 9 
carbon atoms and 1 to 2 heteroatoms selected from N, O, and S) arranged as a bicyclo [4,5], 
[5,5], [5,6], or [6,6] system; or 9 to 10 ring atoms (8 to 9 carbon atoms and 1 to 2 hetero 
atoms selected from N and S) arranged as a bicyclo [5,6] or [6,6] system. The heterocyde 
may be bonded to Y through a carbon, nitrogen, suliur or other atom by a stable covalent 



wo 20D4/096818 PCT/EP2003/012423 

20 

bond. 

het^cycles include for exanq>le, pyridyl, dihydropyridyl isomers, piperidine» 
pyridazinyl, pyrimidinyl, pyrazinyl» s-triazinyl, oxazolyl, iimdazolyl, thiazolyl, isoxazolyl, 
pyrazoIyl» isothiazolyl» fiiranyl, tbiofiiranyl» thienyl, and pyrrolyL also includes, but is not 
limited to, examples such as: 




carbocycles and heterocycles may be indq)endently substituted with 0 to 3 
groups, as defined above. For exan^le, substituted carbocycles include: 
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NH 
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N 




SH 



? — N 



sa 



Examples of substituted phenyl carbocycles include: 








— NH 



O / 
X 



The following embodiments represent preferred qhoices for various substituents found 
on the candidate conipounds of this inventioiL Each embodiment is to be construed as 
representing the enumerated substiturat (or assembly of substituents) in combination with each 
and every other substituent that is not enumi^ated in the embodiment For exanq>le, if is 
specified in an embodimmt, then is locked but the remaining substituents can be set in any 
combination possible within the definition of A^. 

In an embodim^ A^is 




M12b 
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A3 



M12b 



and 




MI2a 



An embodiment of A^ includes wb^ M2 is 0, such as: 




M12b 



and whCTe M12b is 1, is oxygen, and Y^** is oxygen (O) or nitrogen (N(R^)) such as: 




M12a 



Anotfa^ embodiment of A^ is: 



uiililmii 
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ents include: 



O 

y/biNt Y^^ is O or NCR*); M12d is 1. 2, 3, 4, 5. 6, 7 or 8; and the phenyl carbocycle is 
substituted with 0 to 3 groups. Such embodiments of inchide phenyl phosphonamidate- 
ahnate esters and phenji pbosphonat&'lactate esters: 




Eihbodiments of R"^ include esters, carbamates, carbonates, thioesters, amides, 
tbioamides, and urea groups: 
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Embodknents of include where is W^, such as; 




M12b 

■ 

Alt^natively, is phenyl, substituted phenyl, benzyl, substituted benzyl, pyiidyl or 
substituted pyridyL 

In other embodhnents may be R^, is a carbocycle or heterocycle and W^^ is 
optionally and mdependently substituted with 1, 2, or 3 groups. For exanq[>le, W^^ may 
be 3,5-dicblorophenyL 
An embodiment of A* is: 




n is an integer from 1 to 18; 

An embodiment of A^ optionaOy s of the formula: 
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r2 




M12a ■ • 



and is O, N(RO or S. For example, may be H and n may be 1. 

An embodiment of A' optionally con^rises a phosphonate group attached to an 
imidazole nitrogen through a heterocycle Hnker» such as: 



and 




M12d 



where Y^*" is O or N(R^); and M12d is 1. 2, 3, 4, 5, 6, 7 or 8. The A^ unit may be attached at 
any of the carbocycle or heterocycle ring atoms, c.g. ortho, mcta, or para on a 
disubstituted W^. 

Ai optionally is -(X2-(C(R2)(R2))ml-X3)ml-W3, and W3 is substituted with 1 to 3 
A3 groups. 

A2 optionally is -(X2-(C(R2)(R2))ml-X3)ral-W3. 

A3 optionaUy is -(X2-(C(R2)(R2))ml-X3)ml-P(YiXYiR6a)(YiR6a)^^ 

X2 and X3 optionally are independently a bond, -0-, -N(R2)-, -N(0R2K - 
N(N(R2)(R2))-. -S-, -SO-, or -S02-. 

Each Yi optionally is independently O. N(R2), N(OR2), or N(N(R2)(R2)). wherem 
each Yi is bound by two single bonds or one doi * * ' 
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Rl optionally is indqpendently H oi alkyl of 1 to 12 carbon atoms. 
R2 optional^ is independmtly H, R3 <m- R4 wherem each R4 is independoitly 
substituted with 0 to 3 R3 grot^. 

R3 optionafly is independently F, O, Br, I, -CN, N3, -NO2, -OR6&, -ORi, -N(Ri)2, - 
NCRlXRfib). -N(R6b)2. -SRl. -SR6a. -S(0)Ri, -S(0)2Rl, -S(0)ORi, -S(0)0R6a, - 
S(0)20Ri, -S(0)20R6a. -C(0)ORl, -C(0)R6c, -C(0)0R6a. -OC(0)Ri, -N(Ri)(C(0)Ri), - 
'. N(R6bXC(0)Ri). -N(Ri)(C(0)ORl). -N(R6b)(C(0)ORl), -C(0)N(Ri)2. -C(0)N(R6b)(Rl). 
: -C(0)N(R6b)2. -C(NRl)(N(Ri)2). -C(N(R6b))(N(Ri)2), -C(N(Ri))(N(Ri)(R6b)). - 

e(N(R6b))(N(Ri)(R6b))» -C(N(Ri))(N(R6b)2), -<W(R^^ 
. N(Rl)C(N(Rl))(N(Ri)2), -N(Rl)C(N(Ri))(N(Ri)(R6b)). -N(Ri)C(N(R6b))(N(Ri)2). - 
. N(R6b)C(N(Ri))(N(Ri)2). -N(R6b)C(N(R6b)XN(Rl)2). -N(R6h)C(N(Ri))(N(RiXR6b)). - 
■ N(Rl)C(N(R6b))(N(Ri)(R6b)). -N(Rl)C(N(Ri))(N(R6b)2), - 

. N(R6b)C(N(R6b))(N(Ri)(R6b)), -N(R6b)C(N(Ri)XN(R6b)2), -N(Rl)C(N(R6b)){N(R6b)2). 
-N(R6b)C(N(R6b))(N(R6b)2), =0, =S. =:N(Ri), =N(R6b) or WS. 

R4 optional^ is independratfy alkyl of 1 tol2 carbon atoms, aflceayl of 2 to 12 carbon 
atoms, or alkyn^ of 2 to 12 carbm atoms. 

RS optional^ is indq)end»itly R4 wbecdn eadi R4 b substitated with 0 to 3 R3 
groups; or R5 is indepcndratly alkylene of 1 to 12 carbon atoms, alkenylene of 2 to 12 carbon 

atoms, or alkynylene of 2-12 caiix)n atoms any one of which aD^lene, alkenylene or 
alkynylene is substituted with 0-3 R3 groups. 

Rga ^ independmtly H or an ether- or est^-forming group. 
R6b is independently H, a protecting gronp for amino or the residue of a carboxyl- 
containing con^und. 

R6c is independmtly H or the residue of an amino-containing conq)ound. 
W4 is R5, -C(Yi)R5, -C(Yl)W5, -S02R5- or -SO2W5. 

Ws is carbocyde or heterocycle wherein Ws is independently substituted withO to 3 
R2 groups. 

» 

ml is indepaidently an integer from 0 to 12, wherein the sum of all mi's within eadi 
individual embodiment of Al, A2 or A3 is 12 or less. 

m2 is independently an integer from 0 to 2. 
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In another embodiment Al is -(C(R2)(R2))inl-W3, wherein W3 is substituted with 1 
A3 group, A2 is -(C(R2)(R2))ml-W3. and A3 is -(C(R2)(R2))mlP(Yl)(YlR6a)(YlR6a)- 
In an enibodiment A^ is of the formula: 




M12b 



In an embodiment A is of the formula: 




M12b 



In an embodiment A is of the formula: 




M12a 



In an embodiment A^ is of the formula: 




M12a 



andW^" is a carbocycle or a heterocycle where W^^ is independently substituted with 0 



or 1 R groups. 
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In an embodimect M12a is 1. 



In an endxxliment A is of the fonnula: 



M12b 



In an enobodiment is of the fonnula: 



PCT/EP2003/012423 





M12a 
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In an enibodunent ^ of the fonmda: 



PCT/EP20a3/012423 




M12a 

Y'" is O or S; and 
Y^isO,N(R^)orS. 

In an enibodiment is of the formula: 



O 




2 



M12a 



andY'^^isOorNCR*). 

In an embodiment A^ is of the formula: 




MI2d 

9 

is O or NCR"); and 
M12d is 1, 2, 3, 4, 5, 6, 7 or 8. 

In and embodiment A^ is of the fonnola: 
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2 



M12d 

Y^isOorN(R");and 
M12disl,2,3,4,5,6,7or8- 

In an embodiment M12d is L 

In an emix)diment is of the fomuilar 




In an embodiment A is of the formula: 




M12b 

In an embodiment is a carbocycle. 
In an embodiment A^ is of the fonnula: 
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M12b 

In an enibodhxient is phenyl 

In an enabodiment M 12b is 1. 

In and embodiment is of the formula: 




» 



Y" is O or S; and 

is O, N(R') or S. 
Id an einbodmirait a' is of the fonnda: 



O 




9 



and Y"* is O or N(R''). 
In an embodiment A^ is of the formnia: 
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Y* is O or NCR"); and 

M12d is 1. 2, 3. 4, 5. 6, 7 or 8. 

In an embodiment is H. 

In an embodiment M12d is 1. 

In an embodiment is of the fonnula: 




In an embodiment is of the formula: 
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In an embodnnent A is of the fonmila: 




In an einbodhnent is of the fonmila: 






In an embodiment R is of the fonnula: 




M12a yi 



In an enibodimrat is of the fonmila 




Y^"isOorS;and 
Y'^ is O, NCR^) or S. 
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In an embodiment R'^ is of the fonmda: 

R2 




Y'*isOorS;and 
Y^isOorN(R0. 

In an enobodinient is of the formula: 




In an embodiment is of the formula: 




In an embodimmt is of the formula: 




M12a 

In an eiDbodiment is of the formula: 




In an embodim^t is of the formula; 
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2 



Mi2a ;and 

is of the formula: 




2 



M12a 

Y^*isOorS;and 
Y^isO,N(R^)orS. 



wo 2004/096818 PCT/EP2003/012423 

36 

In an endxxliment is of the fonnula: 




M12a 

Y'" is O or S; 
Y*isOorN(R^);and 
Y*' is O, NCRO or S. 

In an endxKlimeat is of the fonnula: 




M12d 

Y'* is O or S; 
Y* is O or N(R'); 
Y" is O or N(RO; and 
M12d is 1, 2, 3, 4, 5, 6, 7 or 8. 

In an embodin^ is of the fonnula: 




M12d 

9 
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Y^isOorN(R^);aiMl 

M12disl,2,3,4,5, 6.7ot8. 

In an embodiment is of the formula: 




H H 



and is O or N(R*). 
In an end)odiment is of the formula: 




Id an embodiment is of the fonntila: 




is of the fbnnula: 



Mi2a 



;and 




M12a 



In an embodiment is of the formula: 
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PCT/EP2003/012423 




» 



Y"isOorS:and 

is O, N(R^) or S. 
In an embodiment is of the fcmnula: 




MI2a 



Y'"isOorS; 

is 0 or N(R*); and 
Y* is O. N(RO or S. 

In an odiodiment is of the fonmila: 




Y" is O or S; 

Y* is O or N(R^); 

Y^isOorN(R»);and 

MI2d is 1, 2, 3, 4, 5, 6, 7 or 8. 

In an embodinoient A^ is of the formula: 
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M12disl.2,3,4,5,6,7or8. 

In an ^oobodiznent is of the formula: 




andY*isOorN(R^). 

In an embodiment A' is of the fonnula: 




M]2a 

Ml2b ;and 

A^ is of the fonnula: 
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M12b 



is of the fonnula: 




2 



MI28 ; and 

is of the fonnula: 




• 
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Id an embodiinent A is of the fornuila: 




M12a 



is of the fonnula: 




Y'*isOorS;and 
Y^isO.N(R^)orS. 

Li an embodiment A^ is of the fonxuda: 




M12a 

W^* is a carbocycle independently substituted with 0 or 1 groups; 
A^ is of the formula: 
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M12a 

Y^*isOorS; 

is O or N(R2); and 
Y^isO,N(R0orS. 
Iq an embodiment is of the fonnula: 



PCT/EP2D03/012423 




R2 R2 




W^' is a caibocycle indq)endently substituted witb 0 or 1 groups; 
is of the foniHih: 




M12d 



Y*isOorN(R^); 

is O or NCR"); and 
M12d is 1, 2. 3, 4, 5, 6, 7 or 8. 
In an embodiment A' is of the formula: 
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M12d 



PCT/EP2003/012423 




Y^^isOorN(R^);and 

M12d is 1, 2, 3, 4, 5, 6, 7 or 8. 

lo an embodiment A' is of die fonnula: 




M12b 



;and 



is of the fonnula: 




M12b 



In an embodiment A^ is of the fonnula: 
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M12a 

MI2b 



is of the fonnula: 




M12a 



wo 2004/096818 

is of the formula: 



45 



PCT/EP2003/012423 




Y"isOorS;and 

Y* is 0, N(R^) or S. 

In aa embocjiinent A' is of the fomuila: 




M12a 

is a carbocycle independent^ substituted with 0 or 1 groups; 
is of the fonnuh: 




Ml2a 

» 



Y" is O or S; 
Y*isOorN(R*);and 
Y^ is O, N(R*) or S. 
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In an embodiment is of the formula: 




0m 

wherein the phenyl carbocycle is substituted with 0 to 3 R groups. 
In an embodiment is of the formula: 




W^" is a carbocycle or heterocycle where W^* is independently substituted with 0 or I 
groups; 

A^ is of the formula: 




M12d 



Y'^isOorS; 
Y^**isOorN(R^); 
Y^**isOorN(R0;and 
M12disl,2, 3.4,5,6,7or 8. 
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In an embodimeirt is of the formula: 




M12d 



Y^*^isOorN(R^);and 

M12disl,2,3, 4, 5, 6, 7 or 8. 

In an embodknent is of the fommla: 




M12a 

M12b. 

In an embodiment M12b is L 



In an embodiment M12b is 0, is a bond and is a caibocycle or heterocycle 
wfaere is optionally and independently substituted with 1, 2, or 3 groups. 
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In an enitx>diment is of the formula: 




M12a 



and W^' is a carbocycle or beterocycle where W^^ is optionally and independentfy 
substitated with 1, 2, or 3 groups. 



In an embodiment M12a is L 

In an embodiment is selected firom phenyl, substituted phenyl, benzyl, substituted 
izyl, pyridyl and substituted pyridyL 

InanenibodinimtA isofthefonmda: ' - 




M12b 



In an embodiment A is of the formula: 




M12b. 



In an embodiment M12b is L 
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In an embodinient is of the formula: 



M12b 



PCT/EP2003/012423 




;and 



is of the formula: 




M12a 

In an ^nbodiment A^ is of the fbnnula: 



In an ^nbodinient R'' is of the fornaub: 





Ml 2a 



In an embodiment A is of the formula: 
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PCmP2003/012423 




In an embodiment is of the fomiula: 




In an enobodiment is of the fonnula: 




In an embodiment is isopropyL 
In an embodiment is of the formula: 




M12a 
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A is of the formula: 




M12a 



and Y" is O or S. 



In an eiDbodiment A is of the formula: 




M12B 



andY^isO,N(R^)orS. 

la ao eiiibodiinent is of the formula: 



M12a 



Y*isOorN(R^);aiMl 

Y^isO,N(R0orS. 

In an aid)odiment A^ is of the fomnila: 




* 
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M12d 

Y'"isOorS; 

is O or N(R'); 

is O or NCRO; and 
M12d is 1, 2, 3, 4, 5, 6, 7 or 8. 

In an embodimi^t A' is of the formula: 





\H H/ 



* 



M12d 



Y*isOorN(R^);and 

M12d is 1,2, 3, 4, 5, 6, 7 or 8. 

Iq an embodim^t A' is of the formula: 




Ml 2d 



andY*isOorN(R=^);and 
M12dis 1, 2, 3, 4, 5, 6, 7 or 8. 
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In an embodiment is of the fonnula: 




n 

n is an integer fix)m 1 to 18; is of the formula: 




M12a 



andY^isO,N(R0orS. 

In an embodiment is H and n is L 

In an embodiment A^ is of the formula: 




M12a 



Mi2b ;and 

A^ is of the formula: 
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M12a 



In an embodiment is of the formula: 




In an endiodunent is of the formula: 




M12a 



In an embodiment is of the formula: 



H H 




an embodim^ R" is of the foimula 
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M12a yi 



In an embodiment is of the formula: 




In an embodiment is selected from: 




M12a .Y^-W^andW^ 
whCTC is a carbocycle or a heterocycle and where ^ is independently substituted 
with 0 to 3 R groups. 

In an embodiment A'' is of the formula: 




M12a 

andY^"isO.N(R^)orS. 

In an endbodiment A^ is of the formula: 
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M12a 

andY^5sO,N(R0orS. 

Id an ^nbodiment A' is of the formula: 




M12a 



A is of the fonnula: 




2 



MI2a 



is a carbocycle or a heterocycle where the carbocycle or heterocycle is 
independent^ substituted with 0 to 3 groups; 
Y*isOorN(R^);and 
Y^isO,N(R0orS, 

In an embodiment A^ is of the formula: 
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A^isof thefoimute: 




M12d 



Y'*isOorS; 
Y*isOorN(R^); 
Y*" is O or N(R^); and 
M12d is 1, 2, 3, 4, 5, 6, 7 or 8. 

lo an en^Mxtinieiit A' is of the foimula: 




M12d 



Y*isOorN(R^);and 

M12d is 1, 2, 3, 4, 5, 6, 7 or 8. 

In an embodiment A' is of the formula: 



i 
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Ml 2d 



andY^^isOorN(R^);and 
M12d is 1, 2, 3, 4, 5, 6, 7 or 8. 

In an embodiment is a phenyl substituted with 0 to 3 groups. 
In an embodiment is of the formula: 




wherein n is an integer from 1 to 18; and is O or N(R^). 



In an embodiment 

Ai is -(X2-<C(R2)(R2))ml-X3)ml-W3, wherein W3 is substituted with 1 to 3 A3 

groups; 

A2 is -(X2-(C(R2)(R2))ml-X3)mi-W3; 
A3 is -(X2-(C(R2)(R2))ml-X3)nd-P(Yl)(TlR6a)(YlR^^ 
X2 and X3 are independently a bond, -0-, -N(R2)-, -N(0R2)-, -N(N(R2)(R2))-, -S-, - 
SO-, or rS02s 

each Yi is independently O, N(R2), N(OR2), or N(N(R2)(R2)). wherein each Yi is 
bound by two single bonds or one double bond; 

Rl is independently H or alkyl of 1 to 12 carbon atoms; 

R2 is independently H, R3 or R4 wherein each R4 is independently substituted with 0 
to 3 R3 groups; 
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R3 is independently F, CI. Br, I, -CN, N3, -NO2, -0R6a, -ORi, -N(Ri)2, - 
N(Rl)(R6b), -N(R6b)2. -SRl. -SR6a. -S(0)Ri. -S(0)2Rl, -S(0)ORl, -S(0)0R6a. - 
S(0)20Rl, -S(0)20R6a, -C(0)ORi. -C(0)R6c, -C(0PR6a. -OC(0)Ri, -N(Ri)(C(0)Ri), - 
N(R6b)(C(0)Rl), -N(RiXC(0)ORl). -N(R6b)(C(0)ORi), -C(0)N(Ri)2. -C(0)N(R6b)(Rl). 
-C(0)N(R6b)2, -C(NRl)(N(Ri)2), -C(N(R6b))(N(Rl)2), -C(N(Ri))(N(Ri)(R6b)). - 
C(N(R6b))(N(RlXR6b)). -C(N(Ri))(N(R6b)2), -CXN(R6b)XN(R6b)2). - 
N(Ri)C(N(Ri))(N(Ri)2), -N(Ri)C(N(Rl)XN(RlXR6b)). -N(Ri)C(N(R6b))(N(Ri)2). - 
N(R6b)C(N(Ri))(N(Ri)2), -N(R6b)C(N(R6b))(N(Rl)2), -N(R6b)C(N(Ri))(N(Ri)(R6b)). - 
N(Ri)C(N(R6b))(N(Rl)(R6b)). -N(Rl)C(N(Ri))(N(R6b)2), - 
. N(R6b)C(N(R6b))(N{Rl)(R6b)). -N(R6b)C(N(Ri))(N(R6b)2), -N(Rl)C(N(R6b))(N(R6b)2), 
-N(R6b)C(N(R6b)XN(R6b)2), =0, =S, =N(Ri), =N(R6b) or W5: 

R4 is independently alkyl of 1 to 12 carbon atoms, alkenyl of 2 to 12 carbon atoms, or 
alkynyl of 2 to 12 carbon atoms; 

R5 is independent^ R4 wherein each R4 is substituted with 0 to 3 R3 groups; 

R5a is independently alkylene of 1 to 12 carbon atoms, alkenylene of 2 to 12 carbon 
atoms, or alkynylene of 2-12 carbon atoms any one of v^inch alkyiene, alkenylene or 
alkynylene is substituted with 0-3 R3 groups; 

R6a is independently H or an ether- or est^-fonning group; 
R6b is independently H, a protecting group for amino or the residue of a carbo^gd- 
containing compound; 

R6c is ind^endently H or the residue of an ammo-containing conq)ound; 
W3isW4orW5; 

W4 is R5, -C(Yi)R5, -C(Yi)W5, -SO2R5, or .SO2W5; 

W5 is carbocycle or heterocycle wherein W5 is indq)Mdently substituted with 0 to 3 
R2 groups; 

ml is independently an integer fiomO to 12, wh^ein the sum of all ml*s within each 
individual embodiment of Ai» A2 or A3 is 12 or less; and 

m2 is independently an integer fiomO to 2. 
In an embodiment 

Ai is -(C(R2)(R2))ml-W3, wherein W3 is substituted with 1 A3 group; 
A2 is -(C(R2)(R2))ml-W3; and 
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A3 is-(C(R2)(R2))nil-P(Yl)(YiR6a)(YlR6a). 

Protecting Groups 

Tbe chemical substructure of a protecting group varies widely. One function of a 
protecting group is to serve as intermediates in tbe syntbesis of tbe parental drug substance. 
Qiemical protecting groups and strategies for protection/deprotection are well known in tbe 
art. See: "Protective Groups in Organic Chemistry**, Theodora W. Greene (John W3ey & 
Sons, Inc., New York, 199L Protecting groups are often utilized to the reactivity of 
certain functional groups, to assist in tbe efficiency of desired chemical reactions, e.g. making 
and breaking chemical bonds in an ordered and planned fesbion. Protection of functional 
groups of nal group, such as the polarity, lipophQicity (hydrophobidty), and other properties 

• ■ 

which can be measured common analytical tools. Cbemicalty {protected intermediates may 
themselves be biologically active or inactive. Protected conqpounds may also exhibit altered, 
and in some cases, optimized properties in vitro and in vivo^ such as passage through cellular 
membranes and resistance to enzymatic degradation or sequestration. In this role, protected 
confounds may in themselves exhibit thra^peutic activity and need not be hmited to tbe role 
of chemical intermediates ac precursors. The protecting group need not be physiologically 
acceptable upon deprotection, although in general it is more desirable if such products are 
pharmacoIogx:a]Iy innocuous^ con^und altm oth^ physical properties besides tbe 
reactivity of tbe protected fiinction. 

In the context of the present invention, enoibodinQents of protecting groups include 
prodrug moieties and chezmcal protecting groups. 

Protecting groups are available, commonly known and used, and are optionally us^ to 
prevent side ineactions with the protected group during synthetic procedures, ie. routes or 
methods to prepare the compounds of the inventioa For the naost part the decision as to 
which groups to jprotect. when to do so, and the nature of the chemical protecting group 
**PRT" will be dependent upon the chemistiy of the reaction to be protected against (e.g., 
acidic, basic, oxidative, reductive or other conditions) and the intended direction of the 
synthesis. The PRT groups do not need to be, and generally are not, the same if the 
compound is substituted with multiple PRT. In general, PRT will be used to protect 
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flmctional groups such as carboxyi, hydro)Qrl or amino groups and to thus prevent side 
reactions or to otherwise facilitate the synthetic efiBciency. The order of deprotection to yield 
free, deprotected groups is dependent upon the intended direction of the synthesis and the 
reaction conditions to be encountered, and may occur in any order as deteimined by the 
artisan. 



Various functional groups of the conipounds of the invention may be protection. For 
exan^^le, protecting ffoxxps for -OH groups (whether hydrojq^l, carboxylic acid, phosphonic 

* « 

acid, or other functk>ns) are ^nbodiments of "ether- or ester-forming groups". Ether- or 
ester-forming groups are capable of functioning as chemical inx)tecting groups in the synthetic 
schemes set forth herein. However, some hydroxy! and thio protecting groups are neith^ 
ethar- nor estCT-fonning groups, as wifl be understood by those skiDed in the art, and are 
induded with amides, discussed below. 



A very large number of faydroxyl protecting groups and amide-forming groups and 
corresponding chemical cleavage reactions are described in "Protective Groups in Organic 
Chemistiy", Theodora W. Greene (John Wiley & Sons, Inc., New York, 1991, ISBN 0-471- 

« 

62301-6) ("Greene"). See also Kodenski, PhiBp J.; "Protecting Groups" (Georg Thieme 
Verlag Stuttgart, New York, 1994), which is incorporated by reference in its entirety herein. 
In particular Oiapter 1, Protecting Groups: An Overview, pages 1-20, Chapter 2, Hydro^l 
Protecting Groups, pages 21-94, Chapter 3, Diol Protecting Groups, pages 95-117, Chapter 4, 
Carboxyi Protecting Groiqis, pages 118-154, Chaptar 5, Carbonyl Protecting Groups, pages 
15St184. For protecting groups for carbo^grlic acid, phosphonic acid, phosphonate, sulfonic 
add and other protecting groups for adds see Greeiie as set forth bdow. Such groups inchide 
by way of exanQ>le and not limitation, esters, amides, hydrazides, and the like. 



EthCT- and Ester-forming protecting proups 
Ester-forming groups indude: (1) phosphonate ester-forming groups, such as 
phosphonarnidate esters, phosphorothioate esters, phosphonate esters, and phosphon-bis- 
amidates; (2) carboxyi ester-fofming groups, and (3) sulphur ester-forming groups, such as 
su^honate, sulfate, and sulfinata 
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TTie phospbonate moieties of the compounds of the invention may or may not be 
prodrug moieties, Le. they may or way be susceptible to hydrolytic or en2ymatic cleavage or 
ooodification. Certain phospbonate moieties are stable under xaosi or nearly all metabolic 
conditions. For example, a dklkyl^hosphonate, where the aDcyl groups are two or more 
carbons, may have appreciable stability in vivo due to a slow rate of hydrolysis. 

Within the context of phospbonate prodrug moieties, a large number of structurally- 
diverse prodrugs have been described for pfaosphonic acids (Rreeman and Ross in Progress in 
Medicinal Chemistry 34: 1 12-147 (1997) and are included within the scope of the presmt 
invention. An exemplary end^diment of a phospbonate ester-forming group is the phenyl 
catbocycle in substructure A3 having the formula: 




O 



wherein ml is 1, 2, 3, 4, 5, 6, 7 or 8, and the phenyl carbocycle is substituted with 0 
to3R2groups. Also, in this embodiment, where Yi is O, a lactate ester is formed 
Alternatively , where Yi is N(R2), N(0R2) or N(N(R2)2, then phosphonamidate esters result 
Ri may be H or C1-C12 alkyi 

In its ester-forming role, a protecting group typically is bound to smy acidic group such 
as, by way of sample and not limitation, a-C02H or -C(S)OH group, thereby resulting in - 
CO2R'' where R* is defined herein. Also, R* for exanq)le incbdes the enumerated ester groups 
of WO 95/07920, 

Examples of protecting groups include: 

C3-C12 heterocycle (described above) or aryL These aromatic groups optionally are 
polyc^clic or monocyclic. £xanf>les include phenjd, spiryL 2- and 3-pyirolyl, 2- and 3-thienyl, 
2- and 4-imidazolyl, 2-, 4- and S-oxazolyl, 3- and 4-isoxa2o]yl, 2-, 4- and 5-tbiazolyl, 3-, 4- 
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and 5-isothiazolyl, 3- and 4-pyrazolyl, 1-, 2-» 3- and 4-pyridinyl, and 2-, 4- and 5- 
pyrimidinyl, C3-C12 heterocycle or aryl substituted with hato, R', R*-0-Ci-Ci2 alkyfenie, Q- 
C12 alkoxy, CN, NO2, OH, caiboxy, catboxyester, thiol, thioester, C1-C12 halqalkyl (1-6 
halogen atoms), C2-C12 alkenyl or C2-C12 alkynjl Such groups include 2-, 3- and 4- 
alkoxyphenyl (C1-C12 alkyl), 2-, 3^ and 4-methoxyphenyl. 2% 3- and 4-etho;gi)henyl, 2,3-, 
2,4-, 2,5-, 2,6-, 3,4- and 3,5-diethoxyphenyl, 2- and 3-carboetho}^-4-hydroxyphenyl, 2- and 
3-etho^-4-hydioxyphenyl, 2- and 3-ethoxy-S-hydroxyphenyI, 2- and 3-ethoxy-6- 
hydroxyphenyl, 2-, 3- and 4-O-acetylphenyl, 2-, 3- and 4-dimeth:^animophenyl, 2-, 3- and 4- 
methyhnercaptophenyl, 2-, 3- and 4-halophenyl (including 2-, 3* and 4-fhiorophenyl and 2-, 
3- and 4-chloropheiiyl), 2,3-, 2,4-, 2,5-, 2,6-, 3,4- aiid 3,5-dimethyIphenyl, 2,3-, 2,4-, 2,5-, 
2,6-, 3,4- and 3,5-biscarboxyethylphenyl, 2,3-, 2,4-, 2,5-, 2,6-, 3,4- and 3,5-dimelhoxyphenyl, 
2,3-, 2,4-, 2,5-, 2,6-, 3,4- and 3,5-dihalophenyl (including 2,4-difluorophenyl and 3,5- 
difluorophenyl), 2-, 3- and 4-haioaIkylphenyI (1 to 5 halogen atoms, C1-C12 alkyl including 4- 
triQuoromethyi^benyl), 2-, 3- and 4-cyanophenyl, 2-, 3- and 4-nitrophenyl, 2-, 3- and 4- 
haloalkylbenzyl (1 to 5 halogen atoms, C1-C12 alkyl including 4-tr]fluoromethyIben27l and 2-, 
3- and 4-trichloronietl^henyl and 2-, 3- ami 4-trichloiometl^]pheDyO» 4-N- 
methylpiperidinyl, 3-N-niethylpipaidinyl, 1-ethylpiperazinyl, bem^l, alkylsalicylphenyl (C1-C4 
alkyl, including 2-, 3- and 4-ethylsaBcylphenyI), 2-,3- and 4-acetylphenyl, 1,8- 
dihydroxynaphthyl (-C10H6-OH) and aryb;^ ethyl [C6-C9 aryl (including phenoxy ethyl)], 
2,2 -dihydroxybiphenyl, 2-, 3- and 4-N,N-dialkylaminophenol, -QH4CH2-N(CH3)2, 





trimethoxybenzyl, triethoxybenzyl, 2-aIkyI pyridinyl (Ci^ alkyl); 

RlO(0)C, 

-cHj-oc(0)-{ y 

; C4 . Q estm of 2-carboxyphenyl; and Ci- 
C4 alkyl^-C3-C^ aryl (including benzyl, -CH2-pyirolyl, -CH2-thienyl, -CH2-iniidazolyl, - 
CHz-oxazolyl, -Clfe-isoxazolyl, -CH2-thiazofyl, -CH2-isothiazoIyl, -CH2-pyrazofyl, -CH2- 
pyridinyl and -CH2-pyrimidinyl) substituted in the aryl moiety by 3 to 5 halogen atoms or I to 
2 atoms or groups selected from halogen, C1-C12 alkoxy (including methoxy and etho;^), 
cyano, nitro, OH, C1-C12 hatoaDcyl (1 to 6 halogen atoms; inchiding -CH2CCI3), C1-C12 alkyl 
(including methyl and ethyl), C2-C12 alkenyl or C2-C12 alkynyl; alkoxy ethyl [Ci-Ce alkyl 
including -CH2-CH2-O-CH3 (methoxy ethyl)]; alkyl substituted by any of the groups set forth 
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above for aiyl, in particular OH or by 1 to 3 halo atoms (including -CHj, -C3i(CM3)2, - 
C(CH3)3. -CH2CH3, -(CH2)2CH3. -(CH2)3CH3. -(CH2)4CH3. -(CH2)5CH3. -CH2CH2F, - 




NO 

CH2CH2a, -CH2CF3. and -CH2CX33); ^ — ' ; -N-2-propylmoipholino, 23- 



J*1 






1 





-CH2-S(0)2(R*), -CH2^(OC(0)CH2Rl)-CH2(OC(0)CH2Rl), cholesteryl, enolpyruvate 
(H00C-C(=CH2)-). glycerol; 

a S or 6 carbon monosaccbarkle, disaccbaride or oligosaccharide (3 to 9 
monosaccharide residues); 

triglycerides such as a-D-p-dig^erides (wherein the fetty acids composing glyceridc 
l5)ids generally are naturally occurring saturated or unsaturated C6-26. Cg^ig or Ce-io fatty 
adds such as Hnoleic, lauric. nayristic. palmitic, stearic, oleic, pahnitoleic, linolenic and the like 
fatty acids) linked to acyl of the parental con5)ounds herein through a glyceryl o;^gen of the 
triglyceride; 

phospholipids linked to the catfoo;^! gn>iq> through the phosphate of the phospholipid; 
phthaUdyl (diown in Fig. 1 of Qayton et aL, Antindcrob. Agents Chemo. (1974) 
5(6):67(^^71; 

cyclic carbonates such as (5-Rd-2-oxo-13-dioxoleQ-4-yl) methyl estras (Sakamoto 
etal., Chem. Pharm. BuU. (1984) 32(6)2241-2248) where Rd is Ri, R4 or aryl; and 



-CH2C(0)NC) 

The hydro^cyl groups of the coiiqK>unds of this invration optionally are substituted with 
one of groups DDE, IV or V disclosed in WO 94/21604» of with isopropyl. 



As further embodimmts, Table A lists exan^les of protecting group ester moieties that 
for example can be bonded via oxygen to -C(0)0- and -P(0)(0-)2 groups. Several amidates 
also are shown» which are bound direct^ to -C(0)- or -P(0)2. Esters of structures 1-5, 8-10 
and 16, 17, 19-22 are synthesized by reacting the conq)ound herein having a free hydroxyi with 
the correspondmg halide (chloride or acyl chloride and the like) and N .,N-dicyclohexyl-N* 
morpholine carboxamidine (or another base such as DBU, triethylamine, CsCOs, N,N- 
dinoethylaniline and the like) in DMF (or other solvent such as acetonitrile or N- 
methylpyrrolidone). When the conq>ound to be protected is a phosphonate, the esters of 
structures 5-7, 11, 12, 21, and 23-26 are synthesized by reaction of the alcohol or alkoxide salt 
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(or the corresponding amines in the case of conq>ounds such as 13, 14 and IS) with the 
monocblorophosphonate or dicUorophospbonate (or another activated phosphonate). 

< 

TABLE A 



1. -CH2-C(0)-N(Ri)2 * 

2. -CH2-S(0)(Ri) 

3. -CH2-S(0)2(Rl) 

4. -CH2-0-C(0>CH2-C6H5 

5. 3-choJesteryl 

6. 3-pyrid|yl 

7. N-ethybnoiphoIino . 

8. -CH2-0-C(0)-C6H5 

9. -CH2-<M:(0)-CH2CH3 



0. -CH2-0-C(0)-C(CH3)3 

1. -CH2-CX:i3 

2. -CeHs 

3. -NH-CH2-C(0)0-CH2CH3 

4. -N(CH3)-CH2-C(0)0-CH2CH3 

5. -NHRi 

6. -CH2-0-C(0)-CioHi5 

7. -CH2-p-C(0)-CH(CH3)2 

8. -CH2-afH(OC(0)CH2Ri)-CH2- 



-(0C(0)CH2Ri)' 



. P 



HO 



19. ^ — ^ 20. O H 21. HO 




22. 



CK^O(0)C 



24. 



X3 



25. 




26. 




# - chiral center is (R), (S) oi racemate. 

Other esters tiiat are aiitable for use hsitcSsi are described io EP 632048. 
Protecting groups also includes "douUe ester" forming proiiinctionalities such as - 



CH20C(0)OCH3, 




O -CH2SCOCH3. -CH20CON(CH3)2. or alkyl- or aiyl- 
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acjdoxyalkyl groups of the stracture -CH(R^ or W^(CO)R") or 
•CH(R^ or W^)((COX)R^^) (linked to oxygen of the acidic group) wherein and R^* are 
alkyl, aryl, or alkylaryl groups (see U.S. patent 4,968,788). Frequentfy R^ and R^^ are bulky 
groups such as branched alkyl, ortho-substituted aryl, meta-substituted aryl, or combinations 

« 

thereof, inchidiog normal, secondary, iso- and tertiaiy alkyls of 1-6 carbon atoms. An exaniple 
is the pivaloyloxymetfa}4 group. These are of particular use with prodrugs for oral 
administration. Examples of such usefiil pnitecting groups are alkylacyloxymeth^ 

» 

their derivatives, inclnding -CH(CH2CH20CH3)OC(O)C(CH3)3, 
CH20C(P)CioHi5, -CH20C(0)C(CH3)3, -CH(CH20CH3)OC(0)C(CH3)3. - 

# ■ ■ 

CH(CH(CH3)2)OC(0)C(CH3)3. -CH20C(O)CH2CH(C3l3)2. -CH20C(0Xyiii, - 
CH20C(P)C6H5, -CH20C(0)CioHi5, -CH20C(O)CH2CH3, -CH2CX:(0)CH(CH3)2 , - 
CH2CX:(0)C(CH3)3 and -CH20C(0)CH2C6H5. 

■ * 

For prodrug purposes, the ester typically chosen is one h^etofore used for antibiotic 
drugs, in particular the cyclic carbonates, double esters, or the phthalidyl, aryl or alkyl esters. 

In some embodiments the protected acidic group is an ester of the acidic group and is 
the residue of a hydroxyl-containing functionality. In other embodiments, an amino compound 
is used to protect the acid functionality. The residues of suitable hydro;^! or amino-containing 
functionalities are set forth above or are found in WO 95A)7920. Of particular interest are the 
residues of amino acids, amino acid esters, polyp^tides, or ar)i akobols. Typical amino acid, 
polypeptide and carboxyl-esterified amino acid residues are described on pages 11-18 and 
related text of WO 95/07920 as groups LI or L2. WO 95/07920 expressly teaches the 
amidates of phosphonic adds, but it wiH be undostood that such amidates are formed with 
any of the acid groups set forth herein and the amino acid residues set forth m WO 95/07920. 

Typical esters for protecting acidic functbnalities are also described in WO 95/07920, 
again understanding that the same esters can be fomoed with the acidic groups herein as with 
the phosphoi^te of the '920 publication. Typical ester groups are defined at least on WO 

95/07920 pages 89-93 (under R^l or r35), the table on page 105, and pages 21-23 (as R). 
OiF particular interest are esters of unsubstituted aryi such as phenyl or arylalkyl such benzyl, or 
hydroxy-, halo-, alkoxy-, carboxy- and/or alkylestercarboxy-substituted arji or alkylaryl. 
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especially phenyl, ortbo-ethoxyphenyl, or C1-C4 alkjdestercarboxyphenyi (salicylate C1-C12 

• * 

alkylesters). 



The protected acidic groups* particularly when using the esters or amides of WO 
95/07920, are useful as prodrugs for oral administration. However, it is not essential that the 
acidic group be protected in order for the compounds of this invention to be effectively 
administered by the oral route; When the confounds of the inv^ion having [mtected 
groups, in particular amino acid amidates or substituted and unsubstituted aiyl esters are 
administered sy$temk:alfy or orally they are capable of hydrolytic cleavage in vivo to yidd the 
free acid. 



One or more of the acidic hydroxyls are protected. If more than one acidic hydroxyl is 
protected then the same or a different protecting group is employed, e.g., the esters may be 
different or the same, or a mixed amidate and ester may be used. 

Typical hydroxy protecting groups described in Greene (pages 14-118) include 
substituted methyl and alkyl ethers, substituted benzyl ethers, silyl ethers, esters including 
sulfonic add esters, and carbonates. Fbrexan^le: 

* 

• Ethers (methyl, r-butyl, alfyl); 

• Substituted Methyl Ediers (Methoxymethyl, Metbyldiiomethyl, /-Butytthiomethyl, 
(Fheiiyldirnethylsilyl)methoxymethyl, Boizyloxymetfayl, /^-Methoxybalzylo39metb^ (4- 
Methoxypheno)7)methyl, Guaiacolmethyl, ^Butoxymethyl, 4-Pentenylo}Qnxtethy], 
SiloiQranethyl, 2-MettK>xyethoxymettQ^l, 2,2,2-Trichloroethoxyinethyl, Bis(2- 
chloroethoxy)methyl, 2-(Trimetfaylsi]^l)etho^gmaett^l, Tetrahydropyranyl, 3- 
Bromotetrahydropyranyl, Tetrafaydropthiopyranyl, 1-Methoxycyclohexyl, 4- . 
Methoxytetrahydropyranjd, 4-M ethoxytetrahydrothiopyranjd, 4- 
Methoxytetrahydropthiopyranyl 5,5-Dbxido, l-[(2-Chloro-4-methyl)phenyl]-4- 

■ methoxypq)eridin-4-yl, l,4-Dioxan-2-yl, Tetrahydrofiiranyl, Tetrahydrothiofuranyl, 
2,3,3a,4,5,6,7,7a-Octahydto-7,8,8-triniethyl-4,7-nietbanoben2ofu^ 

■ 

• Substituted Ethyl Ethers (1-EthoxyethyI, l-(2-Chloroethoxy)etbyl, 1-Methyl-l- 
methoxyethyl, 1-Methyl-l-benzyloxyethyl, l-MethyH-benzylo;gr-2-fluoroethyl, 2,2,2- 
Trichloroethyl, 2-Trimethylsilylethyl, 2-(Phenylselenyl)ethyl, 

• /7-Cblorophenyl, /7-Metbo)g^henyl, 2,4-Dinitrophenyl, Benzyl); 

• Substituted Benzyl Ethers (^Methoxybenzyl, 3,4-Dimethoxybenzyl, i>-Nitrobenzy], p- 
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Nitrobenzylp-Halobaizyl, 2,6-;Dichlorobenzyl, p-Cyanobenzyl. /^-Pbenylbaiz)*, 2- and 4- 
Kcolyl, 3-Methyl-2-picolyl //-Oxido, Diphenylmethyl, p,/? -Dinitrobenzhydiji 5- 
D3)enzosabeiy]» Tii5)henylinethyl, a-Naphthyldiphenyhnethyl, 
methoxyphenyldiphenylmethyl, Di(p-methoxyphenyI)phenylniethyl, Tri(p- 
methoxyphenyl)mcthyl, 4-(4 -Bromophenacyloxy)phenyldiphe»yliDelh^^ 4,4\4"-Tris(4,5- 
dicUoit>phthaliinidophenyl)inethyl, 4»4',4"-TrisOevulinoyIoxyphenyl)methyI, 4,4*,4"- 
Tris(benzoyloxypheayl)methyl, 3-(Imidazol- l-ylmethyl)bis(4V4"-dunethoxyphenypin^^ 
l,l-Bis(4-inethoxyphen3d)-r-pyrenylmethyI, 9-Anthryl, 9-{9-Pheiiyl)xanthenyl, 9-(9- 
Phenyl-10-oxo)anthiyl, 13-Benzodithiolan-2-yl,Benzisothiazolyl5;iS^D^ 
Silyl Ethers (Trimethylsilyl, Trietbylsilyl, Triisopropyls%l, Dimethylisopropyisilyl, 
Diethylisopropylsilyl, Dimethylthexylsilyl* f-ButyklimethylsilyL NButyIdjphenylsiIyl» 
Tribenzykilyl, Tri-/^-xyiyls]lyl, T]::q>henyls]lyl, Diphenylmetbylsilyl, 
Butyhnethoxyphenylsilyl); 

Esters (Formate, Beozoylformate, Acetate, Clioroacetate, Dichloroacetate, 
Trichloroacetate» Tri£luoroacetate» Methoxyacetate» Tiipbeoylmethoxyacetate^ 
Phenoxyacetate^p-Chloropbenoxyacetate, /^-poly-Phenylacetate, S-Phenylpropionate, 4- 
Oxopentanoate (LevuIinateX 4,4-(Ethyleneditbio)pentanoatey PivaIoate» Adamantoate, 
Crotonate, 4-Methoxycrotonate, Benzoate^p-Phenylbenzoate, 2,4,6-TrimethyIbenzoate 
(Meshoate)); 

Carbonates (Methyl 9-Fluoienyhnethyl Ethyl 2,2,2-Trichk>roethyl, 2- 
(Trimethylsilyl)etby], 2-(PhenylsulfoQyI)ethyl, 2-(Tripheny^hosphonio)ethy], Isobutyl 
Vinyl ADyl p-Nitrophenyl Benzyl j7-Methoxybenzyl 3,4-DiiDethoxybenzyl o- 
Nitrobenzyl /^-Nitrobenzyl .S^-Benzyl Thiocarbonate, 4-Etho3c^-l-naphthyl Methyl 
Dithiocaibonate); 

Groups With Assisted Cleavage (2-Iodobenzoate, 4-Azidobutyrate, 4-Nitio-4- 
methylpentanoate, o-(Dibroniomethyl)benzoate» 2-FormyIbenzenesu]fi>nate» 2- 
(Methylthiometho39)etbyl Carbonate 4-(M^ylthiomethoxy)butyrate, 2- 
(MethylthiomethoxymethyQbenzoate); Miscellaneous Esters (2»6>Dichloro-4- 
methylphenoxyacetate, 2,6-DichIoro-4-(U,3,3 tetramBthylbutyl)phenoxyacetate, 2,4- 
Bis(l,l-dimetfayIpropyI)phenDxyacetate, Chlorodiphenylacetate, Isobutyrate, 
Monosuccinate, (£)-2-Methyl-2-butenoate (Tlgloate), o-(Methoxycarbony])benzoate, p- 
poiy-Benzoate, a-Naphthoate, Nitrate, Alkyl MMiV',iV-Tetrainethylphosphorodiainidate, 
A^-Phenykarbamate, Borate, Dimethylphosphinotfaioyl 2,4-Dinitrophenykulfenate); and 
Sulfonates (Sulfate, Methanesulfonate (Mesylate), Benzylsulfonate, Tosylate). 
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• Typical 1,2-diol protecting groups (thus, general^ where two OH groups are taken 
together with the protecting fiinctionality) are desofibed in Greene at pages 118-142 and 
include Cyclic Acetals and Ketals (Methylene, Ethylid^, l-Z-Butylethylidene, 1- 
Phenylethylidene, (4-Metho;^henyI)ethylidene, 2 A2-TricMoroethyiidene, Acetonide 
(Isopropylidene), Cyclopentylidene, Qrclohexylidene, Cyclohq)tylidene, Benzylidene, /n 
Methoxybenzylidene, 2,4-Dimethoxybenzyiidene, 3,4-Dim^hoxybenzyIidene, 2- 
Nitrobenzylidene); Cyclic Qrtho Esters (Methoxymethylene» BthoxyiDethylene, 
Dimethoxymethyl^, 1-MetboxyetbyIidene, l-Etho^^etfaylidine, 1,2* 
DimethoTQ^ethylid^, a-Methoxyben2gfIidene, l-(iV^A^-Diniethylanuno)ethyIidene 
Derivative, a -(Ar,7V-Dimethylamino)benzylidene Derivative, 2-Qxacyclopentylidene); Silyl 
Derivatives (Di-r-butylsilylene Group, l,3-(l,l,3,3-Tetraisopropyidisiloxanylidene), and 
Tetra-f-butoxydisfloxane-l,3-diylidene), Cyclic Carbonates, Cyclic Boronates, Ethyl 
Boronate and Phenyl Boronate. 

More typically, 1,2-dioI protecting groups include those shown in Table B, stiD more 
typically, epoxides, acetonides, cyclic ketals and aryl acetals. 



I 1 

I i 

! i 

I ! 
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Table B 



O 




Y Y V 

o i <y o 




wherein is Ci-C6 alkyl. 

Amino prptecting groups 
. Another set of [notecting groups include any of the typical amino protecting groups 
described by Greene at pages 31S-38S. Tliey inchide: 

• Carbamates: (methyl and ethyl 9-fluoraiylmethyl, 9(2-sulfo)fhiorenyhnethyl, 9-(2.7- 
dl^)romo)fluo^enyhnethyl,2J-di-^butyI-[9-(1040-dioxo-10 
tetrahydrothioxanthyl)3roeth^ 4-methoXyphenacyl); 

• Substituted Ethyl: (2;2,2-tiichoroethyl, 2-trimethylsifylethyl, 2-phenylethyl, 1-(1- 
adamantyl)-l-methyletlqi 14-din»thyl-2-habethyl, l,l-diniethyi-2,2-dibromoethyl, 1,1- 
dimethyl"2,2,2-trK:hloroethyl, l-methyl-l-(4-biphenylyQethyl, H3,5-di-/-butjdphenyl)-l- 
methylethyl, 2-(2'- and 4'-pyridyI)ethyl, 2-(iV,AMicyclohe3Qdcarboxaniido)ethyl r-butyl, 1- 
adamantyl, vinyl, altyl, l-isopropylaByl, dnnan^l, 4-nitrocinnamyl» 8-quinoIyl, iV- 
hydroxypiporidixiyl, alkyldithio, benzol, p-nietho3Q4}enzyl, /7-nitrobenzyl, /^-hromobenz)i p- 
cMorobenzyi, 2,4-dichlorobenzyl, 4-methyIsulfinylbenzyl, 9-antbryImethyl, 
diphenyhnetfayl); 

• Groups With Assisted Cleavage: (2-methyltfaioethyl, 2-inethylsuIfonyletby], 2-(p- 
toluenesulfonyI)ethyl, [2-(13-dithianyl)]niethyl ^ 

dimethylthiophenyl, 2-phosphonioethyl, 2-trij*ienylphosphonioisopropyl, l,l-diinethyl-2- 
cyano^yl, m-choro-/7-acylo;q?benzyI, p-(dihydroxyboiyI)benq^l, 5-benzisoxazolyhnethyl. 
2-(trifluoromethyl)-6-chronionyfanethyl); 

• Groups Capable of Photolytic Cleavage: (m-nitrophenyl, 3,5-dimethoxybenzyl, o- 
nitrobenzyl, 3,4-diniethoxy-6-nitrobenzyl, phenyl(o-mtrophenyl)methyl); Urea-Type 
Derivatives (phenothiazinyH10)-carbonyl, iV-p-tolucnesulfonylaminocarbonyl, iV- 
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pheDylaminothiocarbonyl); 

Miscellaneous Carbamates: (/-amyl, thiocarbamate, /^-cyanobenzyi cydobutyl, 

cyclohexyl, cyclopentyl, cyclopropjJmethyl, /^decyloxybenzyl, diisopropylmethyl, 2,2- 
dimethoxycarboaylvinyl, o<Ar,Ar-KliiDethylcarboxaimdo)benzyl, l,l-dimethyl-3-(^',Ar. 
dimethylcarboxainido)propyl, 1,1-diinethylpropynyl, di(2-pyridyl)methyl, 2-furanylmethyl. 
2-Iodo^liyl. Isobomyl, Isobutyl Isonicotinyl, -Metlio^henylazd)benzyl, 1- 
methylcyctobutyl, l-methylcyctohexyl, l-methyl-l-cyclopiopylmethyl, l-methyM-(3^- 
diinethoxyphenyl)ethyl, l-inethyH-(p-phenyla2opbeayI)ethyl, l-methyH-phenylethyl, 1- 
methyH-(4-pyridyl)ethyi, pbenyl, p-(phenylazo)ben5gfl, 2A6-tri-f-butylph«iyl, 4- 
(trimethylammoiiiu]n)beii2yl, 2,4,6-trimetbyIbenzyl); 

Amides: (/V-formyl, AT-acetyl, AT-choroacetyl, iV-tiichoroacetyl, iV-trifluoroacetjd, iV- 
phenylacetyl, iV-3-phenyIpropionyl, AT-picoIinoyl, ^-S-pyridylcarboxamide, 
benzoylpheoylalany], /^-benzoyl, iV^/'-pbeQylbeiizojd); 

Amides With Assisted Qeavage: (iV-o-nitrophenylacetyl, ^-cHnitropbenoxyacetyl, 
acetoacetyl, (JV -dithiobenzyloxycarbonylamino)acetyl, iV-3-(p-hydroxyphenyI)propioiiy], 
iV-3-(o-mtiopheiijd)propioayl, iyr-2-methyl-2-(£>"nitrophenoxy)propionyi, iV-2-methyl-2-(<?- 
pheQy]azophenoxy)propionyl, iV^4-chtorobu^ryl, A/-3-inethyl-3-mtiDbutyiyl, N-o- 
nitrocinnamoyl, iV-aceQimetUoDine, i^^o-nitrobenzoyl, iV-a<<benzoylojgmQethyl)benzoyl, 
4,5-diphenyi-3-oxazo]in-2-one); 

Cyclic Imide Derivatives: (iV-pbtbalimide, iV-dithiasucdDoyl, iV-23-d]pheny]ma]eo3i, 

2,5-dimethy]^yrrofyl»iV*lJA4-tetramethyldisifylazacyclo^ 5-substituted 

.l,3-dimethyl-l,3»S-triazacyclobexan-2-oiie, S-substituted l,3-dibenzyl-13-S- 

triazacyclohexan-2-one, 1-substituted 3,5-diiiitio-4^pyridonyI); 

7V-Alkyl and jY-Aryl Amines: (iST-methyl, JV-aByl, iV-[2-(trimcthylsilyl)ethoxy]methyl, AT-S- 

acetoxypropyl, iV-(l-isopropyl-4-nitro-2-oxo-3-pyrtolin-3-y]). Qoaternaiy AmmDnium 

Salts, N-hwEyU Ar-di(4-methoxyphenyl)methyI, iST-S-dibenzosuberyl, iV-triphenylii»thyl, /V- 

(4-metho)gphenyl)dq>henylmethyl, iV-9-phenylfluorenyl, 7V-2J-dichIoro-9- 

fluorenylmethylene, iV-ienrocenylmethyl, i\r-2-picolylainine A/*-oxide); 

Imine Derivatives: (^-1,1-dimethyltbiomethylene, A^benzylidene, iV-p-metboxybenylidene. 

iV-diphenyimethylene, iV-[(2-pyridy5mesityl]methylene, M(A^^*dimetfaylaminomethylene, 

m 

iV,A/*-isopropylideae, JV-/?-nitrobenzylidene, iV-salicylidene^ iV-S-chlorosalicylidene, iV-(5- 

chloro-2-hydroxyphenyI)phenylmethyIeDe, iV-cycbhe7Qrlidene); 

Enamine Derivatives: (iSK5^-dimethyi-3-oxo-l-cyclohexenyl)); 

N-Metal Derivatives (A^-borane derivatives, iV^-diphenylboriiuc acid derivatives, N- 
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[phen)4(pentacarbonylchro]muirh or -tungsten)3caibenyl, AT-copper or N-^imc chelate); 

• N-N Derivatives: (iV-nitro, AT-nitroso, iV-oxide); 

• N-P Derivatives: (iV-diphenylphosphinyl, iVrdimethylthiophosphinyl, N- 

ft 

diphenylthiophosphinyl, iV-dialkyl phosphoryl, iV-dibenzyl pbospboryl» AT-diphenyl 
phosjAoryl); 

• N-Si Derivatives, NrS Derivatives, and N-Sulfenyl Derivatives: (A^-benzenesulfenyl, iVn?- 
nitrobenzenesulfenyl, iV-2,4-dinitrobeiizenesuIfenyl, iST-pentachlorobenzenesulfeiiyl, jV-2- 
nitro-4-niethoxybCTzenesulfenyl, J^-tr5>hen^m 

and A^sulfonyl Daivath^es (AT-p-toluenesu^^ 

4 

methoxybeDzenesulfonyl, A^-2,4,6-trimethoxybenzenesulfonyl, ^-2,6-diraethyl-4- 
metho^g^benzenesulfonyl, iV-pentamethylbenzenesulfonyl, iV-2,3,5,6,-tetramethyl-4- 
methoxybenzenesulfonyl, iV-4-methoxybenzenesulfonyl, ^-2,4,6-trimethyIbenzenesulfonyl, 
iy^2,6-dimetho;grr4'ixiethyIbenzenesulfonyl, iV-2,2,5,7,8-pentametlq*:broman-6-sulfonyl, 
iy-methanesuMbnyl, iV-P-trimethylsflyethanesulfonyi, Ar*9-anthracenesiilfonyL iV-4-(4V8 - 
dimetlM);qTiaphthylniethyl)benzenesul^^ iV-benzy]sulfonyl, iV-trifluoromethylsulfonyl, 
iV-pheDacylsulfonyQ. 

• * 

More typically, protected amino groups include carbamates and amides, still 0x>re 
typically, -NHC(0)R' or -N=CR^N(R^)2. Another protecting group, also useful as a prodrug 
for amino or -NH(R^), is: 



structure R^^NHCH(R^^)C(OK where R*^ is H, an amino acid or polypeptide residue, or R^ 
and R'^ is defined below. 

R'^ is lower alkyl or lower alkyl (Ci-Q) substituted with amino, carbox^ amide, 
caiboT^l ester, hydro^l, C^-Cj aiyl, guanidinyl, imidazolyl, indolyl, sulfliydiyl, sulfoxide, 
and/or alk^hospbate. R^° also is taken together with the amino acid (x N to fonn a proline 
residue (R^° = -CH2)3-). However, R'° is generally the side group of a naturally-occuiring 



amino acid such as H, -CH3. -CH(CH3)2. -CH2"CH(CH3)2, -CHCH3-CH2-CH3. -CH2-C6H5, 



O 




See for exan?)le Alexander, J. etal (1996) /. Med Chem. 39:480-486. 
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-CH2CH2-S.CH3. -CH2OH, -CH(OH)^3, -CH2-SH, -CH2-C6H4OH, -CH2-C»-NH2, - 
CH2-CH2-CO-NH2, -CH2-COOH, -CH2-CH2-COOH, -(CH2)4-NH2 and -(CH2)3-NH- 
C(NH2)-NH2. Rio also includes l-guanidinoprop-3-yl. benzyl, 4-hydrosybenzyl, inudazol-4- 
yl, indol-3-yl, methoxyphenyl and ethojcyphenyL 

Another sel of protecting groups kchide the residue of an ammo-containing 
con^pound, in particular an ammo acid, a polypeptide, a protecting group, -NHSO2R, 
NHC{0)R, -N(R)2, NH2 or -NH(R)(H), whereby for exan5)le a carbo;q^lic acid is reacted, ie. 
coupled, with the amine to form an anride, as in C(0)NR2. A phosphonic acid may be reacted 
with the amine to form a phosphonamidate, as in -P(0)(0R)(NR2). 

In general, amino acids have the structure R^^C(0)CH(R'^NH-, where R" is -OH, - 
OR, an amino acid or a polypeptide residue. Amino adds are low nK>lecuIar weight 
compounds, on the order of less than about 1000 MW and which contain at feast one amino or 
imino group and at least one carboxyl group. Generally the amino acids wiD be found in 
nature, Le.. can be detected in biological matmal such as bacteria or oth^ microbes, plants, 
animals or man. Suitabfe amino adds typically are alpha anougio acids, ie. compounds 
characterized by one amino or immo nitrogen atom separated from the carbon atom of one 
carboxyl group by a single substituted or unsubstituted alpha carbon atom. Of particular 
interest are hydrophobic residues such as mono-or di-alkyi or aryl amino acids, 
cycloaOg^Iamino adds and the like. These residues contribute to cell permeability by 
increasing the partition coeffident of the parental drug. Typically, the residue does not 
contain a sul&ydryl or guanidino substituent. 

Naturalfy-occurring amino add residues are those residues found naturally in plants, 
animals or microbes, especially proteins thereof. Polypeptides most typically will be 
substantiaDy composed of such naturalfy-occuiring amino acid residues. Ttese amino acids 
are glycine, alanine, valine, leucine, isoleucine, serine, threonine, cysteine, methionine, 
glutamic acid, aspartic acid, lysine, hydrojqdysine, arginine, histidine, phenylalanme, tyrosine, 
tryptophan, proline, asparagine, glutamine and hydro^g^line. Additionally, unnaturat amino 
acids, for exan^le, valanme, phenylglycine and homoarginine are also included Commonly 
encountered amino adds that are not g»e-encoded may also be used in the present invention. 
AD of tte amino acids used in the present invention may be either the I> or L- optical isomer. 
In addition, other peptidomimetics are also usefol in the present invention. For a general 
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review, see Spatola, A. R, in Chemistry and Biochemistry of Amino Acids, Peptides and 
Proteins, B. Weinstein, eds., Marcd Dekker, New York, p. 267 (1983). 

When protecting groups are single amino acW residues or polypeptides they optionally 
arc substituted at of substituents A^ or A^ or substituted at R3 of substituents Ai, A2 or 
A3. These conjugates are produced by forming an anodde bond between a carboxyl group of 
the amino acid (or C-terminal amino acid of a polypeptide for example). Similarly, conjugates 
are formed between R or R3 and an amino group of an amino acid or polypeptide. Generally, 
only one of any site in the parental molecule is amidated with an amino acid as described 
herein, although it is within the scope of this invention to introduce amino acids at more than 
one permitted site. Usually, a carboxyl group of R^ is amidated with an amino acid. In 
general, the a-amino or a-carbo}q4 group of the amino ackl or the tmninal amino or carboxyl 
^oup of a polypeptide are bonded to the parental ftmctionalities, ie., carboxyl or amino 
groups in the amino acid side chains general^ are not used to form the amide bonds with the 
parental coiqK>und (ahhough these groups may need to be protected during synthesis of the 
conjugates as described further bdow). 

With respect to the caiboxyl-containing side diains of amino acids or potypeptides it 
win be understood that the carboxyl group optionally wiD be blocked, e.g. by R\ esterified 
with R^ or anudated. Similarly, the amino side ehams R^^ optfcnally will be blocked with B} or 
substituted with R^ 

Such ester or amide bonds with side chain amino or carboxyl groups, like the esters or 
amides with the parental molecule, optionally are hydrolyzable in vivo or in vitro under acidic 
(pH <3) or basic (pH >10) conditions. Alternatively, they are substantially stable in the 
gastrointestinal tract of humans but are bydrolyzed enzymatkally in blood or in intracellular 
environments. The esters or amino add or pofypeptide amidates also are usefiil as 
intermediates for the preparation of the parental molecule containing free amino or carboxyl . 
groiq)S. The free acid or base of the parental conq>outKl, for example, is readily formed from 
the esters or amino acid or polypeptide conjugates of this invention by conventional Iqrdrofysis 
procedures. 

When an amino acid residue contains one or nK>re chiral centm, any of the D, L, 
meso, tbreo or eiythro (as appropriate) racemates, scalemates or mixtures thereof may be 
used. In general, if the intermediates are to be hydrolyzed non-enzymatically (as would be the 
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case where the amides are used as chemical intennediates for the fiee acids or free amines), D 
isomers are useful On the other hand,the linkerisomers are more versatile since they can be 
susceptible to both non-enzymatic and enzymatic hydrolysis, and are more efScientty 
transported by amino acid or dipeptidyl transport systems in the gastrointestinal tract 

Exan^les of suitable amino acids whose residues are represented by B!^ or include 
the following: 
Gfycine; 

AnoiDOpofycarboxylic acids, e.g., aspartic acid, p-hydroxyaspartic add, glutamic acid, p 
-hydroxyglutamic acid, p*metbylaspartic acid, p-methylglutamic add, p. p-dimethylaspartic 
acid, 7-hydroxyglutamic acid, p, y-dihydroxyglutamic add, p -phenylglutamic add, y- 
methyleneglutamic acid, 3-anmioadipic acid^ 2-aminopimeIic acid, 2-aminosuberic acid and 2- 
aminosebadc add; 

Amino acid amides such as ghitamine and asparagine; 

Polyamino- or polybasic-monocarbo^Iic acids such as arginine, lysine, p - 
aminoalanine, y •aminobutyrine, omithine, citruline, homoarginine, homodtmlline, 
hydroxylysine, allohydroxylsine and diaminobutyric acid; 

Oth^ basic amino acid residues such as histidine; 

Diaminodicarboxylic acids such as a, a'-diaminosucdnic add, a, a'-diaminoglutaric 
acid, a, a*-diaminoadipic acid, a, a -diaminopimelic acid, a, a'-diamino- p-hydroxypimelic acid, 
a, a*-diaminosuberic add, a, a'-diaminoazdaic add, and a, a*-diaminosebacic add; 

Imino acids such as proline, hydroxyproline, allohydroxyprbline, y-meth^proBne, 
pipecolic add, S'faydroxypq)ecolic add, and azetidine-2-carbo?^ acid; 

A mono- or di-alkyl (typically Ci-Cg branched or normal amino add such as alanine, 
valine, Iradne, altyigt)^dne, butyrine, norvaline, norleudne, heptyline, a-methylserine, a- 
ainino-a-methyi-7-hydroxyvaleric acid, a-amino- a-methyl-5-hydroxyvaleric acid, a-amino- a- 
methyl-e-l^droxycaproic acid, isovaline, a-methjdglutamic ^id, a-aminoisobutyric acid, a- 
aminodiethylacetic add, a-aminodiisopropylacetic add, a-aminodi-n-propylacetic add, a- 
aminodiisobutylacetic acid, a-aminodi-n-butylacetic acid, a-aminoethylisopropylacetic acid, a- 
amino-n-propylacetic acid, a-aminodiisoamyacetic ^id, a-methylaspartic acid, a- 
methylglutamic acid, l-aminocyctopropane-l-carbo;Q^lic acid, isoleucine, alloisoleudne, tert- 
leucine, P-methyltryptophan and a-amino- P-^thyl-P-jAienylpropiodc acid; 

P-phenylsennyl; 

Aliphatic a-amino-p-hydroxy acids such as serine, P-hydroxyleudhe, P- 
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IqrdroxyDorleucijie, p -hydroxynorvaline, and a-ammo-p-hydro^qrstearic acid; 

a-Amino, a-, y-, 5- or 8-hydroxy adds such as hoiiX)serine, 5 -hydroxynorvaline, y- 
hydrojQoiorvajline and 8-hydro^orfeucine residues; canavine and canaline; j - 
hydroxyomithine; 

2-hexosaininic acids such as D-ghicosaminic acid or D-galactosaminic acid; 
a-Amino-p-thiols such as penicillamine, P-thiolnorvaline or P-thioIbutyrine; 
Other sulfur containing amino add residues iacluding cys^ 
phenyhnethionine, methionine, S-allyl-L-cysteine sulfoxicte, 2-thiolhistidine, cystathionine, and 
thiol ethers of cysteine or homocysteine; 

Phenylalanine, tryptophan and ring-substituted a-amino adds such as the phenyl- or 
cyclohexylamino acids a-aminophenylacetic acid, a-aminocyclohexylacetic acid and a-amino- 
P-cyclohexylpropionic acid; phenylalanine anabgues and derivatives comprising aiyl, tawcr 
alkyl, hydroxy, guanidino, oxyalkylether, nitro, sulfur or halo-substituted phenyl (e.g., 
tyrosine, methyltyrosine ai^ o-dUoro-, p-chtoro-, 3,4-dichloro, o-, w- or p-methyl-, 2,4,6- 
trimethyl-, 2-etho^-5-nitro-, 2-hydro3^-S-nitro- and p-mtro-phenylalanine); finyl-, thienyl-, 
pyridyl-, pyrimidinyl-, purinyl- or naphthyl-alanines; and tryptophan analogues and dravatives 
induding kynurenine, 3-hydroxykynurenine, 2-hydroxytryptophan and 4-carbo)Qtiyptophan; 

a-Amino substituted amino acids induding sarcosme (N-methylglycine), N- 
benzylgjycine, N-methylalanine. N-benzgialanine, N-methylphenjdalanine, N- 
benzylphenylalanine, N-methylvaBne and N-benzylvaline; and 

a-HydrojQ^ and substituted a -hydroxy amino adds including serine, threonine, 
aDothreonine, phosphoserine and phosphothreonine. 

Polypeptides are polymers of amino acids in which a carbo^qi group of one amino add 
nwnomer is bonded to an amino or imino group of the next amino acid monomer by an amide 
bond. Polypeptides include d^)eptides, bw molecular weight polypeptides (about ISOO-SOOO 
MW) and proteins. Proteins optionally contain 3, 5, 10, 50, 75, 100 or more residues, and 
suitably are substantially sequence-homobgous with human, animal, plant or microbial 
proteins. They inctode enzymes (e.g., hydrogen peroxidase) as well as immunogens such as 
KLH, or anulx)dies or proteins of any type against which one wishes to raise an immune 
response. The nature and idmtity of the polypeptide may vary widely. 

The polypeptide amidates are useful as immunogens in raising antibodies against either 
the polypeptide (if it is not immunogenic in the animal to which it is administered) or against 
the. epitopes on the remainder of the compound of this invention. 
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Antibodies capable of binding to the parental non-peptidyl compound are used to 
separate the parental compound from mixtures, for example in diagnosis or manu&cturing of 
the parental conq>oimd. The conjugates of parental compound and polypeptide generally are 
more immunogenic than the polypeptides in closely homologous apimak, and therefore make 
the polypeptide more immunogenic for facilitating raising antibodies against it. Accordingly, 
the polypeptide or protein may not need to be immunogenic in an animal typically used to raise 
antibodies, e.g., rabbit, mouse, horse, or lat, but the final product conjugate should be 
immunogenic in at least one of such animals. The polypeptide optionally contains a 
peptidolytic oizyme cleavage site at the peptide bond between the first and second resuiues 
adjacent to the acidic heteroatouL Such cleavage sites are flanked by en^matic recognition 
structures, e.g. a particular sequence of reskhies recognized by a peptidolytic ^izyme. 

* • 

Peptidolytic enzymes for cleaving the po^eptide conjugates of this invention are weQ 
known, and in partknilar include carboxypeptidases. Carboxypeptidases digest polypeptides 
by removing C-terminal residues, and are specific in many instances for particular C-terminal 
sequencers. Such enzymes and their substrate requirements in general are well known. For 
example, a dipeptide (having a given pair of residues and a fi^e carbojg^l terminus) is 
covalently bonded through its a-amino group to the phosphorus or carbon atoms of the 
compoimds herein. In embodiments where Wi is phosphonate it is' expected that this peptide 

will be cleaved by the iq)propriate p^tklolytic enzyme, leaving the caiboxyl of the proximal 
amino acid residue to autpcatafyticaHy cleave the phosphonoamidate bond. 

Suitable d^ptidyl groups (designated by their smgle letter code) are AA, AR, AN, 
AD,AC,AE,AQ,AG,AH,AI,AL,AK,AM,AF,AP,AS,AT,AW,AY,AV, RA,RR,RN, 
RD, RQ RE, RQ, RG, RH, RI, RL. RK, RM, RF, EU>, RS, RT, RW, RY, RV, NA^ 
^a>, NC, NE, Na NO, NH, NI, NU NK, ^M, NF, 1^, NS, OT^ 
DN, DD, DC, DE, DQ, DO, DH, DI, DL, DK, DM, DF, DP, DS, DT. DW, D Y, DV, CA, 

oi, CN. CD, cx:, CE, CQ, CO, CH, a, cu ac, CM, CF, CT^ 

ER, EN, ED, EC, EE, EQ, EG, EH, EI, EL, EK, EM, EF, EP, ES, ET, EW, EY^ EV, QA, 
QR, QN, QD, QC,. QE, QQ, QG, QH. QI, QL, QK, QM, QF, QP, QS, QT, QW, QY. QV, 
GA, GR, GN, GD, GC, GE, GQ, GG, GH, GI, GL, GK, GM, GF, GP, GS, GT. GW, GY, 
G V, HA, HR. HN, HD, HC, HE, HQ, HG, HH, HI, HL, HK, HM, HF, HP, HS, HT, HW, 
HY, HV, lA, IR, IN, ID, IC. IE. IQ, IG, IH, n, IL, DC, IM, IF, IP, IS. rr, IW, lY, IV, LA. 
LR, LN, LD, LC, LE, LQ, LG, LH, U, LL, LK, LM, LF, LP, LS, LT, LW, LY, LV, KA, KR, 
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KN,. KD, KQ KE, KQ, KG, KH. KI, KL, KK, KM, KF, KP. KS, KT. KW. KY, KV, MA, 
MR, MN, MD, MC, ME, MQ, MG, MH, MI, ML, MK, MM, MF, MP, MS, MT, MW, MY, 
MV. FA, FR, EN, FD, FC, FE, FQ, FG, FH, H, FU FK, FM, FF, FP, FS. FT, FW, FY, FV. 
PA, PR, PN, PD; PC, PE, PQ, PG, PH. PI, PL, PK, PM, PF, PP, PS, PT, PW, PY, PV, SA, 
SR, SN, SD, SC, SE, SQ, SG, SH, SI, SL, SI^ SM, SF, SP, SS, ST, SW, SY, SV, TA, TR, 
TN, TD, TC, TE, TQ, TG, TH, TI, TL, TK, TM, TP, TP, TS, TT, TW, TY, TV, WA, WR, 
WN, WD, WC, WE, WQ, WG, WH, WI, WL, WK, WM. WF, WP, WS, WT, WW, WY, 
WV. YA, YR, YN, YD, YC, YE, YQ, YG, YH, YI, YL, YK. YM, YF, YP, YS, YT, YW, 
YY. YV, VA, VR, VN, VD, VC, VE, VQ, VG, VH. VI, VL, VK, VM, VF, VP, VS, VT, 
• VW, VY and W. 

Tripeptide residues are also useful as protecting groups. When a phosphonate is to be 
"protected, the sequence -?C^-pro-X^- (where is any amino add residue and is an amino 
acid residue, a.carboxyl ester of proline, or hydrogen) win be cleaved by luminal 
c£aboxypq)tidase to yield X^ with a free carboxyl, whkh in turn is e:}qpected to 
autocatalytically cleave the phosphonoamidate bond. The carboxy group of X^ optional^ is 
esterified with ben^L 

Dipeptide or tripeptide species can be selected on the basis of known transport 
properties and/or susceptiUlity to peptidases that can affect transport to intestinal mucosal or 
other cell types. Dipeptides and tripeptides lacking an a-amino group are transport substrates 
for the peptide transporter found in brush border mend^rane of intestinal mucosal cells (Bai, 
J.P J., (1992) Pharm Res. 9:969-978. Transport conn)etent peptides can thus be used to 
enhance bbavailability of the amidate compounds. Di- or tripeptides having one or more 
amino acids in the D configuration are also conqpatible with peptide transport and can be 
utilized in the amidate conq>ounds of this invention. Amino acids in the D configuration can 
be used to reduce the susceptibility of a di- or tnpeptide to hydrolysis by proteases common to 
the brush border such as aminopeptidase N. In addition, di- or tripeptides alternatively are 
selected on the basis of their relative resistance to hydrolysis by proteases found in the lumen 
of the intestine. For example, tripeptides or polypeptides lacking asp and/or ghi are poor 
substrates for anunopeptidase A, di- or tripq>tides lacking amino add residues on the N- 
terminal side of hydrophobic amino acids (leu, tyr, phe, val, trp) are poor substrates for 
eodopeptidase, and peptides lackmg a pro residue at the penultimate position at a fi-ee 
carbo^g^l terminus are poor substrates for carboxypeptidase P. Shnilar considerations can also 



wo 2004/096818 PCT/EP2003/01 2423 

79 

be applied to the selection of peptides that are either relativefy resistant or relatively 
susceptible to hydrolysis by cytosoKc, renal, hepatic, serum or other peptidases. Such poorly 
cleaved polypeptide amidates are imraunogens or are useful for bonding to proteins in order to 
prepare immonogens. 

Prototype compounds contain at least one functional group capable of bonding to the 
phosphorus atom in the phosphonate moiety. The phosphonate candidate corppounds are 
cleaved intracellularly after they have reached the desired site of action, e.g., inside a lymphoid 
ceB. The mechanism by which this occurs is further described bdow in 4^ As 
noted, the free acid of the pbosptonate is phospborylated in the cell. 

■ 

From the foregoing, it will be apparent that many different prototypes can be 
derivatized in accord with the present invention. Numerous such prototypes are specifically 
mentioned herein. However, it should be understood that the discussion of anti-HIVdrug. 
femiEes and their specific membars for derivatization according to this invention is not 
intended to be exhaustive, but merely illustrative. 

When the prototype con^und contains multiple reactive hydro^^l fimctiDns, a 
mixture of intermediates and final products may be obtained In the unusual case in which all 
hydroxy groups are approximately equally reactive, there is not e3q)ected to be a single* 
predomioant product,, as each inono-substituted product win be obtained in q>proxuDatety 
equal amounts, while a lesser amount of multq}le-substituted candidate conu>ound will also 
result. Generally speaking, however, one of the hydroxyl groups will be more susceptible to 
substitution than the other(s), e.g. a priniary hydroxyl will be more reactive than a secondary 
hydroxyl, an unhindered hydroxyl will be more reactive than a hindered one. Consequently, 
the major product will be a mono-substituted one in which the most reactive hydro3gfl has 
bera derivatized while other mono-substituted and multq[>Iy-substituted products may be 
obtained as minor products. 

Stereoisomers 

TTie candidate compounds may have chiral centers, e.g. chiral carbon or phosphorus 
atoms. The conqpounds thus include racemic mixtures of all stereoisomers, including 
enantiomers, diastereomCTS. and atropisomers. In addition, the compounds include enriched 
or resolved optical isomers at any or all asymmetric, chiral atoms. In other words, the chiral 
centers apparent ftom the depictions are provided as the chiral isomers or racemic mixtures. 
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Both racemic and diastereommc mixtures, as well as the individual optical isomers isolated or 
synthesized, substantially free of their enantiomeric or diastereomeric partners, are all suitable 
for use as candidate compounds. The racennic mixtures are separated into their individual, 
substantially optically pure isomers through well-known techniques such as, for exan^le, the 
separation of diastereomeric salts formed with optically active adjuncts, e.g., acids or bases 
followed by conversion back to the optically actWe substances. In iik>sI hstances, the desired 
optkal ison» is synthesized by means of stereospeci& reactions, beginning with the 
appropriate stereoisom^ of the desired starting material 

The compounds can also exist as tautomeric isomers in certain cases, AD though only 
one delocalized resonance structure may be depicted, all such forms are contemplated withm 
the scope of the invention. For example, ene-amine tautomers can exist for purine, pyiimidine, 
imidazole, guanidine, amidine, and tetrazole systems and all their possible tautomeric forms 
are within the scope of the invmtioa 

The optimal absolute configuration at the phosphorus atom for use in candidate 
con^unds is that of GS-7340, depicted in the examples. 

Salts and Hydrates 

Any reference to any of the conqKnmds of the invention also includes a reference to a 
physiotogicaDy acc^table salt thereof. Examgples of physfologicaDy accq)table salts of the 
conqpounds of the invention include salts derived from an appropriate base, such as an alkali 
metal (for exsasple, sodium), an alkaline earth (for example, magnesium), ammonium and 
NX4* (wherein X is C1-C4 alkyl). Physiologically acceptable salts of a hydrogen atom or an 
amino group include salts of organic carboxyKc adds such as acetic, benzok:, lactic, fumaric, 
tartaric, maleic, malonic, malic, isethionic, lactobk>nic and succinic adds; organic sulfonic 
acids, such as methanesulfonic, ethanesulfonic, benzenesulfonic and p-toluenesulfonic acids; 
and inorganic acids, such as bydrochbric, sulfrunc, phosphoric and sul&mic acids. 

Physiologically acceptable salts of a confound of an hydror^r group include the .anion 
of said compound in combination with a suitable cation such as Na^ and NX4^ (wherein X is 
mdq>endmtly selected from H or a Q-Q alkyl group). 

For therapeutic use, salts of active ingredi^ts of the candidate compounds will be 
physiologically acceptable, ie. they will be salts derived from a physiologically acceptable acid 
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find use, for exan5)Ie, in the preparation or purification of a physiologically acceptable 
compound. All salts, whetho" or not d^ed form a physiologically acceptable acid or base, 
are within the scope of the present invention. 

Pharmaceutically acceptable non-toxic salts of candidate con5)ounds containing, for 
exan5>le, Na+, Li+, K+' Ca+2 and fen ^^^^ ^^^^ Such saks may include 

those derived combmation of i^iopriate catbos 

ions or ammoniuin and qoatanaiy amino ions with an add ankm nioiety, typically a carboxylic 
acid. Monovalent salts are prefoied if a wato: soluble salt is desired. 

Metal salts typically are prepared by reacting the metal hydroxide with a con5)Ound of 

this invention. Exanqiles of metal salts which are prepared In this way are salts containing Li+, 

Na+, and K+ A less sotable metal salt can be precqntated fi^om the solution of a more sohiblc 
sah by addition of the suitable metal confound 

In addition, salts may be foraoed fix)m acid addition of certain organic and inorganic 
adds, e.g., HO, HBr, H2SO4, H3PO4 or.organic sulfonic acids, to basic centers, typically 
amines, or to acidic groups. Finally, it is to be understood that tiie conqiositions herein 
comprise compounds of die invention in tiieir un-ionized, as well as zwitterionic form, and 
combinations with stoichbmetric amounts of water as in hydrates. 

Salts of the candidate confounds with amino adds also M within tiie scope of this 
invention. Any of the amino acids described above are suitable, especially the naturally- 
occurring amino adds found as protein conqK>nents,*altiiough die amino acid typically is one 
bearing a side chain with a basic or addSc group, e.g., lysine, arginine or glutamic acid, or a 
neutral group such as glycine, serine, threonine, alanine, isoleucine, or leucine. 

Methods for Assay of Anti-HIV Activity 

Hie anti-HIV activity of a candidate compound is assayed by any method heretofore 
known for determining inhibition of growth, replication, or oth^ characteristic of HIV 
infection, induding direct and indirect methods of detecting HIV activity. Quantitative, 
qualitative, and semiquantitative methods of determining HIV activity are all contemplated. 
Typically any one of the in vitro or cell culture screenmg methods known to the art are 
enqjloyed, as are climcal trials in humans, studies in animal models (SIV), and the Hke. In 
screening candidate con5)ounds it should be kept in mind that the results of enzyme assays 
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may not corrdate with ceD culture assays. Thus, a cell based assay is often the primaiy 
screening tool. Candidate compounds having an in vitro Ki (inhibkoiy constant) of less then 
about 5 X 10-6 M, typicafly less than about 1 X lO"'' M and preferably less than about 5 X 10 
8 M are preferred for in vivo development, but the analytical point of selection of a candidate 
conqrauiid for further development is essoitiaOy a matter of choice. 

P^TO'*'^" tical Formylatibnj^ 
Candidate con^wuiids selected for further development in vivo are formulated with 
conventional carriers and exdpients, which will be selected in accord with ordinary practice. 
Tablets will contain excipients, gKdants, fillers, binders and the like. Aqueous formulations are 
pr^aied in sterile form, and when intended for delivery by otho: than oral admmistration 
generally wiU be isotonic. AH formulations will optionally contain excipients such as those set 
forth in the "Handbook of Phaimaceatical Excipients" (1986). Excq)ients include ascorbic 
add and other antioxidants, chelating agents such as EDTA, carbohydrates such as dextrin, 
Iq^jqralkylcelhdose, hydrojqralkylmethylcellulose, stearic acid and the like. The pH of tiie 
ftnmulations ranges from about 3 to about 1 1, but is ordinarily about 7 to 10. 



While it is possible for the active ingredients to be administered atone il m^ be 
preferable to present them as pharmaceutical formulations. The formulations, both for 
vetCTinary and for human use, of die invention con^oise at least one active ingredient, as 
above defined, togeUier with one or more acceptable carries tbaefor and optionally oUier 
tiwrapeutic ingredients. The carrier(s) must be "accq>table" in die soise of bdng coiqiatihle 
with Uie other ingredients of die formulation and plq^otogkally innocuous to die rec^ent 
thaeof. 



The formulations include those suitable for the foregoing administration routes. The 
formulations may conveniartly be presented in unit dosage form and may be prepared by any 
of die medKxls well known in tiie art of pharmacy. Techniques and formulations generafly are 
found in Remington's Pharmaceutical Sciences (Mack Publishmg Co., Easton, PA). Such 
methods include the step of bringing into association the active mgredient wifli die carrier 
which constitutes one or more accessory ingredients. In general tiie formulations are prepared 
by uniform^ and intimatety bringiog into association die active ingredient with liquid carriers 
or finely divided solid carriers or both, and Uien, if necessary, shaping the product. 
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Formulations of candidate compounds suitable for oral administration may be 
presented as discrete units such as capsules, cachets or tablets each containing a predetermined 
amount of the active ingredient; as a powder or granules; as a solution or a su^ension in an 
aqueous or non-aqueous liquid; or as an oil-in-water liquid emulsion or a watCT-in-oil liquid 
emulsion. The active ingredient may also be administered as a bolus, electuary or pa^ 



A tablet is made by con5)ression or molding, optionally with one or more accessory 

* 

ingredients. Con^ressed tablets may be prepared by compressing in a suitable machine the 
acthre ingredient in a jfree-ftowing form such as a powder or granules, optionally mixed with a 
hinder, hihricant, inert diluent, preservative, surface active or dispersing agent. Molded tablets 
may be made by molding in a suitable machine a mixture of the powdered active ingredient 
moistened with an in^ liquid diluent. The tablets may optionally be coated or scored and 
optionally are formufeted so as to provide sbw or controlled release of the active ingredient 
therefrom. 



For infections of the eye or other external tissues e.g. mouth and skin, the formulations 
are preferably applied as a topical ointment or cream containing the active ingredient(s) in an 
amount of, for exan?)le, 0.075 to 20% w/w (mcluding active ingredient(s) in a range betweea 
0.1% and 20% in increments of 0.1% w/w such as 0.6% w/w, 0.7% w/w, etc.), preferably 0.2 
to 15% w/w and most pref«:ably 0.5 to 10% w/w. When formulated in an ointment, the 
active ingredi^ts may be employed with eitira- a parafBnic or a watcr-miscible ointment base. 
Alternatively, the active ingredients may be formulated in a cream with an oiHn- water cream 
base. 



If desired, the aqueous phase of the cream base may include, for exan?)le,.at least 30% 
w/w of a polyhydric akohol, i.e. an alcohol having two or more hydroxyl groups such as 
propylene glycol, butane 1,3-diol, mannitol, sorbitol, glycerol and polyethylene glycol 
(including PEG 400) and mixtures thereof The topical formulations may desirably include a 
conq>ound vAach enhances absoiptbn or penetration of the active ingredient through the skin 
or other affected areas. Examples of such dermal penetration enhancers inchide dimethyl 
sulphoxide and related analogs. 



The oily phase of the eniulsions of this invention may be constituted from known 
ingredients in a known manner. While the phase may comprise merely an emulsifier 
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(otherwise known as an emulgent), it desirably coinprises a mixture of at least one emulsifier 
with a fat or an oil or with both a fat and an oil. Preferably, a hydrophilic emulsifier is 
inchided togeth^ with a lipophilic emulsifier which acts as a stabilizer. It is also preferred to 
include both an ofl and a fat. Together, the eniulsifier(s) with or without stabi]izer(s) make up 
the so-called emulsifying wax, and the wax together with the oil and fet make up the so-called 
emulsifying ointment base which foms the oily dispersed phase of the cream formulations. 
Emulgents and emulsion stabilizes suitable for use in the formulation of the invration 

include Tween® 60, Span® 80, cetostearyl akohol, benzyl afcohol, myristyl alcohol, glyceryl 
mono-stearate and sodmm lauryl sulfate. 

The choice of suitable oils or fets for the formulation is based on achieving the desired 
cosmetic properties. The cream should preferabty be a non-greasy, non-staining and washable 
product with suitable consistency to avoid leakage from tubes or other containers. Straight or 
branched chain, mono- or dibasic aS^l esters such as di-isoadiqpate, isocetyl stearate, 
propylene glycol diester of coconut fatty acids, isopropyl myristate, decyl oleate, isopropyi 
palmitate, butyl stearate, 2-ethyIhexyl pafanitate or a blend of branched chain esters known as 
Crodamol CAP may be used, the last three being preferred esters. These may be used alone or 
in combination depending on the properties required. Alternatively, high roeltmg point lq>ids 
such as white soft paraffin and/or liquid parafQn or other min^al oils are used. 

Pharmaceuticd fonnuktions according to the present invei^ 
comtbinatk)n accordmg to the invention together with one or more pharmac^itically acceptable 
carriers or excipients and optionally other therapeutic agents. Pharmaceutical formulations 
containing the active ingredient may be in any form suitable for the intended method of 
administration. When used for oral use for exan^Ie, tablets, troches, bzenges, aqueous or oil 
suspensions, dispersible powders or granules, emulsions, hard or soft capsules, syrups or 
elixirs may be prepared. Corqpositions intraded for oral use may be prepared according to any 
method known to the art for the manufacture of {diannaceutical compositions and such 

« 

compositions may contain one or more agents including sweetening agents, flavoring agents, 
coloring agents and preserving agents, in order to provide a palatable preparation. Tablets 
containing the active ingredient in admixture mih non-toxic pharmaceuticaDy acceptable 
exdpient which are suitable for manufecture of tablets are acceptable. These excipients may 
be, for example, inert diluents, such as calcium or sodium carbonate, lactose, calcium or 
sodium phosphate; granulating and disintegrating agents, such as maize starch, or alginic acid; 
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binding agents, such as starch» gelatin or acacia; and lubricating agents, such as magnesium 
stearate, stearic acid or talc. Tablets may be uncoated or may be coated by known techniques 
including microencapsulation to delay disintegration and adsoiption in the gastrointestinal tract 
and tibereby provide a sustained action over a longer period. For exanq)le, a time delay 
materM such as glyceryl monostearate or glyceryl distearate alone or with a wax may be 
employed. 

Formulations for oral use may be also presented as bard gelatin capsules where the 
active ingredient is moed with an inert solid diluent, for exan(5)le calcium phosphate or kaolin, 
or as soft gelatin capsules wherein the active ingredient is mbeed with water or an oil medium, 
such as peanut oil, liquid parafSn or olive oil 

Aqueous susp^ons of the invention contain the active materials in admixture with 

■ 

excipients suitable for the manufacture of aqueous suspensions. Such excipirats include a 
susponding agent, such as sodium caibo^^meth^ceOiilose, methyteeOulose, hydroxypropyl 
methykelluose, sodium alginate, polyvinylpyrrolidone, gum tragacanth and gum acacia, and 
dispersing or w^ting agents such as a naturally occurring phosphatide (e.g., kcithin), a 
condensation product of an alkylene oxide with a feitty acid (e.g., po^^Q^ethyiene stearate), a 
condensation product of ethylene oxide with a long chain aliphatic alcohol (e.g., 
heptadecaethyleneoxycetanol), a condensation product of ethylene oxide with a partial ester 
derived from a fatty acid and a hexitol anhydride (e.g., polyoxyethylene sorbitan monooleate). 
The aqueous suspension may also contain one or more preservatives such as ethyl or n-propyl 
p-hydroxy-benzoate, one or more coloring agents, one or more flavoring agents and one or 
more sweetening agents, such as sucrose or saccharin. 

Oil suspensions may be foimulated by suspending the active ingredient in a vegetable 
oil, such as arachis oil, olive oil, sesame oil or coconut oil, or in a mineral oil such as liquid 
paraffin. The oral suspensions may contain a thickening agent, such as beeswax, hard para£5n 
or cetyl alcohol Sweetening ag^ts, such as those set forth above, and flavoring agents may 
be added to provide a palatable oral preparatbn. These conqpositions may be preserved by tbt 
addition of an antioxidant such as ascorlnc acid. 

Dispersible powders and granules of the mvention suitable for preparation of an 
aqueous suspension by the addition of water provide the active ingredient in admixture with a 
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dispersing or wetting agent, a suspending agent, and one or more pres€^atives. Suitable 
dispersing or wetting agents and suspending agents are exenylified by those disclosed above. 
Additional exc^pietots, for exaniple sweet^g, flavoring and coloring agents, may also be 
present. 

The pharmaceutical con^)ositions of the candidate confounds may also be in the form 
of oil-in- water emulsions. The oily phase may be a vegetable oil, such as olive oil or arachis 
oil, a mineral oil, such as liquid parafBn, or a mixture of these. Suitable emulsifying agents 
include naturally-occurring gums, such as gum acacia and gum tragacanth, naturally occurring 
phosphatides, such as soybean lecithin, esters or partial esters derived jfrom fetty acMs and 
hexitol anhydrides, such as sorbitan monooleate, and condmsation products of these partial 
esters with ethylene oxide, such as polyojqrethytaie sorbitan monooleate. Hie emulsion may 
also contain sweetening and flavoring agents. Syrups and elixirs may be formulated with 
sweetening agents, such as gtycerol, sorbitol or sucrose. Sudi formulations may also contain a 
demulcent, a preservative, a flavoripg or a coloring agent. 

The pharmaceutical compositions of the candidate compounds may be in the form of a 
sterile injectable preparation, such as a sterile injectable aqueous or oleaginous suspension. 
This suspension may be formulated according to the known art using those suitable dispersing 
or wettmg agents and suspending agoits which have been mentioned above. The sterile 
injectable preparation may also be a sterile injectable solution or suspension in a non-toxic 
parenteraDy acceptable diluent or solvent, such as a sohition in 13-butane-diol or prepared as 
a lyophilized powder. Among the acceptable vehicles and solvents that may be employed are 
water, Ringer's solution and isotonic sodium ddoride solution. In addition, sterile fixed oils 
may conventionally be en5)loyed as a solvent or suspending noiedium. For this purpose any 
bland fixed oil may be employed inchiding synthetic mono- or diglycerides. In addition, fatty 
acids such as oleic add may likewise be used in the preparation of mjectables. 

The amount of active ingredient that may be combined with the carrier material to 
produce a single dosage form will vary depending uqpon the host treated and the particular 
mode of administratfen. For exai)q>le, a time-release formulation intended for oral 
administration to humans may contain approxhnately 1 to 1000 mg of active material 
compounded with an appropriate and convenient amount of carrier material which may vary 
firom about 5 to about 95% of the total compositions (weightrweight). The pharmaceutical 
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composition can be prepared to provide easfly measurable amounts for administration. For 
exan^le, an aqueous solution intended for intravenous infusion may contain from about 3 to 
500 lig of the active ingredient per milliliter of solution in order that infasion of a suitable 

• * 

volume at a rate of about 30 mL/hr can occur. 

Formulations suitable for topical administration to the eye also inchide eye drops 
wherein the active ingredient is dissolved or suspended in a suitable carrier, especially an 
aqueous solvent for the active ingredient. The active ingredient is preferably present in such 
formulations in a concentration of 0.5 to 20%, advantageously 0.5 to 10% particularly about 
13% w/w. 

Formulations suitabk for topical administration in the mouth include lozenges 
coiiq>rising the active ingredient in a flavored basis, usually sucrose and acacia or tragacanth; 
pastilles comprising the active ingredient in an inert basis such as gelatin and glycmn« or 
sucrose and acacia; and mouthwashes comprising the active ingredient in a suitable liquid 
carrier. 

Formulations for rectal administration may be presented as a suppository with a 
suitable base conq>rising for example cocoa butter or a salicylate. 

Formulations suitable for intrapuhnonaiy or nasal adnmustration have a particle size 
for cxanq)le in the range of 0.1 to 500 microns (including particle sizes in a range between 0.1 
and 500 microns in increments microns such as 0.5, 1, 30 microns, 35 microns, etc.), which is 
administered by n^id inhalation through the nasal passage or by inhalation through the mouth 
so as to reach the alveolar sacs. Suitable formulations inchide aqueous or oily solutions of the 
active ingredient Formulations suitable for aerosol or dry powder administration may be 
prepared according to conventional methods and may be delivered with other therapeutic 
agents such as compounds heretofore used in the treatment or prophylaxis of HIV infections 
as described befcw. 

Formulations suitable for vaginal administration may be presented as pessaries, 
tampons, creams, gels, pastes, foams or spray fonnulations containing in addition to the active 
ingredient such carriers as are known in the art to be appropriate. 
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Foramlations suitable for parenteral administration include aqueous and non-aqueous 
sterile injection solutbns which may contain anti-oxidants, buffers, bacteriostats and solutes 
which rend» the foimulation isotonic with the blood of the intended recipient; and aqueous 
and non-aqueous sterile suspensions which may include suspending agents and thickening 
agents. 

The formulations are presented in unit-<iose or multi-dose containers, for exan^le 
sealed an^wules and vials, and may be stored in a freeze-dried (lyophilized) condition 
requiring only the addition of the sterile liquid carrier, for exan^Je water for injection, 
unmediately prior to use. Extemporaneous mjection solutions and suspensions are prepared 
from sterile powders, granules and tablets of the kind previously described. Preferred unit 
dosage formulatiOTS are those containing a daily dose or unit daily sub-dose, as herein above 
recited, or an appropriate fraction tfaoieot of the active ingredient. 

It should be understood that in addition to the ingredients particularly mentioned above 
the formulations of candidate compounds may include other agents conventional in the art 
having regard to the type of formulation in question, for cxaraph those suitable for oral 
adnnnistration may include flavoring agents. 

The invention further provides veterinary con^wsitions comprising at least one active 
ingredient as above defined together vnth a veterinary carrier thj^for. 

Veterinary carriers are materials useful for the purpose of administering the 
composition and may be solid, liquid or gaseous materials which are otherwise inert or 
acceptable in the vetCTinary art and are con5)atibIe with the actwe ingreto These veterinary 
con5K)sitions may be administered orally, paroiterally or by any other desired route. 

Compounds of the invention are used to provide controlled release pharmaceutical 
formulationis containing as active ingredient one or more compounds of the invention 
("controlled release formulatfons") in which the refease of the active ingredirat are controlled 
and regulated to aHow less frequency dosing or to moprove the pharmacokinetic or toxicity 
profile of a given active ingredient. 

An effective dose of candidate compound depends at least on the nature of the 
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condition being treated, toxicity, whether the conqwund is beii^ used prophybcticafly (lower 
doses) or against an active HIV infection, the method of deliveiy, and the pharmaceutical 
formulation, and will be determined by the clinician urfng conventional dose escalation studies. 
It can be expected to be from about 0.0001 to about 100 mg/kg body weight per day. 
Typically, frona about 0.01 to about 10 mg/kg body weight per day. More typically, from 
about .01 to about 5 mg/kg body weight per day. More typically, from about .05 to about 0.5 
mg/kg body weight pw day. For example, the daily candid^e dose for an adult human of 
. approximately 70 kg body weight will range from 1 mg to 1000 mg, preferably between 5 mg 
and 500 mg, and may take the form of single or multiple doses. 

Routes of Administration 
One or more candidate compounds Qierein referred to as the active ingredients) are 
administered by any route appropriate to the comlition to be treated. Suitable routes inchide 
oral, rectal, nasal, topfcal (including buccal and sublingual), vagmal and parenteral (including 
subcutaneous, intramuscular, intravenous, mtradermal, intrathecal and epidural), and the like. 
It will be appreciated that the prefOTed route may vary with for example the condition of the 
recq>ient. An advantage of the compounds of this invention is that they are orally bioavailable 

■ ' » - • « 

and can be dosed orally. 

■ , 

Comhinar ioii Therapy 
Candidate con5)ound are also used in coinbination with othea^ aaive ingredients. Such 
combinatk)ns arc selected based on the condition to be treated, cross-reactivities of ingredients 
and pharmaco- con^wunds. Other active ingredients inchide adefovir dipivoxil and/or any 
other product currently marketed for therapy of HIV infi5ction.propcrties. It is also possible to 
confine any compound of the invention with one or more other actwe ingredients in a unitaiy 
dosage form for simukaneous or sequential adnrinistration to an HIV infected pati^t. The 
combination dierapy majr be administered as a sunultaneous or sequential regimea When 
administered sequentially, the combinatk>n naay be administered in two or more 
adniinistrations. Second and third active ingredients in the oombmation may have anti-HIV 
activity and include HIV. 

The combination therapy may be synergistfc, i.e. the effect achieved when the active 
mgredients used together is greater than the sum of the effects that results from using the 
con?)ounds separate^. A synergistic effect may be attained when the active ingredients are: 
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(1) co-fonmilated and administered or delivered simultaneously in a combined formulation; (2) 
delivered by alternation or in parallel as separate formulations; or (3) by some other regimen. 
When delivered in alternation therapy, a synergistic effect may be attained when the 
compounds are administered or delivered sequentially, e.g* in separate tablets, piUs or 
capsules, or by different injections in separate syringes. In general, during alternation therapy, 
an effective dosage of each active ingredient is administered sequaitially, i.e. serially* v^hereas 
in combination therapy, effective dosages of two or more active ingredients arc administered 
together. A synergistic anti-viral effect denotes an antLvkal e&ct which is greater than the 
predicted purely additive effects of the individual compounds of the coinbination. 

Metabolites of the Candidate Compounds 
The candidate compounds are metabolized in vivo. In particular, the group is 
hydrolytically cleaved to produce a charged metabolite, and m some cases the substituents on 
the phosphonate such as -Y^[P((=Y')(Y^))rt2R^2 are hydrolyzed as well An example showing 

« 

exemplary metabolites is found in the exan5)les herdn. While this exanople is concerned with 
die metabolites of GS-7340, a nucleotide analogue, the metabolic changes to be found with 
candidate compounds are believed to be substantially the same at the phosphonate substituent. 









iTil 



Other changes may result for exanq>le from die oxidation, reduction, hydrolysis* amidation, 
esterification and the like of the administered conqpound, primarily due to enzymatic 
processes. Accordingly, candidate compounds inchide metaboHtes of candidate coicpounds 
produced by a process coii5)rising contacting a con^wund of this invention with a mammal for 
a period of time sufBcient to yield a metaboBc product thereot Such products typically are 
identified by preparing a radiolabelled (e.g. C^^ or H^) con^iound of the invention, 
administering it parentCTally in a detectable dose (e.g. greater than about 0.5 n^g/kg) to an 
animal such as rat, mouse, guinea pig, monkey, or to man^ allowing sufBcient time for 
metabolism to occur (typically about 30 seconds to 30 hours) and isolating its conversion 
products from the urine, blood or other biological san^les. These products are easily isolated 
since they are labeled (others are isolated by the use of antibodies capable of binding q)itopes 
surviving in the metabolite). The metabolite structures are detennined in conventional feshion, 
e.g. by MS or NMR analysis. In general, analysis of metabolites is done in the same way as 
conventional drug metabolism studies well-known to those skilled in the art. The conversion 
products, so long as they are not otherwise found in v/w, are useAil in diagnostic assays for 
therapeutic dosing of the candidate cornpounds even if they possess no HIV inhibitory activity 
of their own. 
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Recqies and methods for detmnining stabiE^ of coii;)ound5 in surrogate 
gastrointestinal secretions are known. Confounds are defined herein as stable in the 
gastrointestinal tract where less than about 50 mole percent of the protected groups are 
deprotected in surrogate intestinal or gastric juice upon incubation for 1 hour at 37 °C 
Simply because the conq)ounds are stable to the gastrointestinal tract does not mean that they 
cannot be hydrolyzed in vivo. The phosphonate prodrugs of the invention typically will be 
stable ia the digestive system but are substantially hydrolyzed to the parental drug in the 
digestive lumen, liver or oth^ metabolic organ, or within cdSs in general 

Exenylary Methods of Making Can didate CompniinHg. 
* The candidate con^unds are prepared by any of the applicable techniques of organic 
.^thesis. Many such techniques are weO known in the art. However,many of the known 
techniques are elaborated in ''Con^ndium of Organic Synthetic Methods" (John Wiley & 
Sons. New York), Vol 1, Ian T. Harrison and Shuyen Harrison, 1971; Vol 2, Ian T. Harrison 
and Shuyen Harrison, 1974; VoL 3, Louis S. Hegedus and Leroy Wade, 1977; Vol 4, Leroy 
G. Wade, jr., 1980; VoL 5, Leroy G. Wade, Jr., 1984; and VoL 6, Michael B. Smith; as weH as 
March, J^ "Advanced Organic Chemistry, Third Edition", (John Wiley & Sons, New York, 
1985), "Comprehensive Organic Synthesis. Sdectivity, Strategy & EfBciency in Modem 
Organic Chemistry. In 9 Volumes", Barry M. Trost, Editor-in-Oiief (Pergamon Press, New 
York, 1993 printing). 

Dtal^ pbo^honates may be prepared according to the methods of: Quast etal (1974) 
Synthesis 490; Stowell etal (1990) Tetrahedron Lett. 3261; US Patent No. 5663159. 

In general, synthesis of phosphonate esters is achieved by coupling a nucleophile amine 
or alcohol with the conesponding activated phosphonate electrophilic precursor. For 
example, chbrophosphonate addition on to S -hydroxy of nucleoside is a well known method 
for preparation of nucleoskb phoi^hate monoesters. The activated precursor can be prepared 
by several well known methods. CUoropho^honates useful for synthesis of the prodrugs are 
prepared from the substituted- l,3-propanediol(Wissner, etal, (1992)/. Aferf Cfeem. 35:1650). 
Chlorophosphonates are made by oxidation of the corresponding chlorophospholanes 
(Anderson, etal, (1984) /. Org, Chem. 49:1304) which are obtained by reaction of the 
substituted diol with phosphorus trichloride. Alternative^, the cUorophosphonate agent is 
made by treating substituted-l,3Kiiols with phosphorusoxycUoride (Patois, etal, (1990) /. 
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Chem. Soc Perlan Trans. 1, 1577). Cblorophosphonate species may also be generated in situ 
from corresponding cyclic phoqpMtes (Silverburg, etaL, (1996) Tetrahedron leu., 37:771- 
774), which in turn can be dtho" made ftom chlorophospholane or phosphoramidate 
intermediate. Hie phosphorofloutidate iotennediate prepared dther from pyrophosfAate or 
phosphoric add may also act as precursor in prqiaration of cyclic prodrugs (Watanabe etal, 
(1988) re/rflJierfron iett., 29:5763-66). 

Candidate con^unds conqnisiiig a prodrug fiinctionality may also be prepared from 
the free acid by Mitsunobu reactions (Mitsunobu, (1981) SynOtesis, 1; Caiq>bell, (1992) J. 
Org. Chem., 52:6331), and othar acid coupling reagents inchuling, but not limited to, 
carbodiimides (Alexander, etal, (1994) Collea. Czech. Chem. Commm. 59:1853; Casara, etal, 
(1992) Bioorg. Med. Chem. Lett., 2:145; OhasM, etal, (1988) Tetrahedron Lett., 29:1 189X 
and benzotriazotytoxytiis-(dtmethy]anmK>)phoqibonium salts (Campagne, etal, (1993) 
Tetrahedron Lett., 34:6743). 



Ai3^ halides undngo Ni** catalyzed reaction with phosphite derivatives to give aryl 
phosphonate containing conqwuncb (Balthazar, etal (1980) /. Org. Chem. 45:5425). 
Hio^honates may also be prepared from the cUorophosphonate in the presaice of a 
palladium catalyst using aromatic triflates (Petrakis, etal, (1987) /. Am. Chem. Soc 109:2831; 
Lu, etal (1987) Synthesis, 726). In anotha: method, aryl pboq^onate esters are prepared 
from aiyl phoq>hates under anionic reanangeaiKnt conditions (Mehrin (1981) Tetrahedron 
Lett. 22:3375; Casteel, etal, (1991) Synthesis. 691). N^AIkojqr aiyl salts with alkali metal 
derivatives of cyclic aSkyl phosphonate provide general synthesis for heteroaryi-Z-phosphonate 
linkers (Redmore (1970) /. Org. Chem. 35;41 14). These above mentioned methods can also 
be extended to conqpounds where the group is a heterocycle, Cyc]ic-l,3-propanyI 
prodrugs of phosphonates are also synthesized from phosphomc diadds and substituted 
propane- 1,3-diols using a coupling reagent such as 13-dicyclohe>qrfcari>odinnide (DCQ m 
presence of a base (e.g^ pyridine). Oth^ carbodiimide based couplmg agents like 1,3- 
disopropylcarbodiimide or watCT soluble reagent, H3-dime^lam!noiH-opyl)-3- 
ethyfcarbodiimide hydrochloride (EDO) can also be utilized for the synthesis of cydic 
phosphonate prodrugs. 



The carbamoyl group may be formed by reaction of a hydroxy group according to the 
methods known in the art, including the teachings of Ellis, U.S. 2002/0103378 Al and Hajima, 
U.S. 6,018,049. 
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A number of exemplary methods for the preparation of the candidate compounds are 
provided below. These methods are intended to illustrate the nature of such preparations and 
do not limit the scope of this invention. Many of the conqjounds set forth betow have been 
screened and demonstrated to have anti-HIV activity. In view of this these conqwunds are no 
longer candidate con^rounds for use in the screening method of this invention. However, they 
are iDustrative of the manner in which the artisan can substitute prototype con?)ouns with 
in various ways. In addition, taken cumulativdy, they are ilhistrative of the typical component 
candle compounds to be found in a screenmg library. 



Generally, the reaction conditions such as temperature, reaction time, solvents woric- 
up procedures, and the like, will be those common in the art for the particular reaction to be 
porfonned. The cited reference material, together with material cited therein, contains detafled 
desCT^tions of such conditions. Typically the temperatures will be -100°C to 200*'C. solvents 
win be aprotic or protic, and reaction times will be 10 seconds to 10 days. Work-up typically 
consists of quenching any unreacted reagents followed by partition between a wat^/organic 
layer system (extraction) and separating the layor containing the product. 



Oxidation and reduction reactions are typically carried out at ten5)eratures near room 
temperature (about 20 ^Q, although for metal hydride reductbns frequently the temperature is 
reduced to 0 to -100 ^C, solvents are typically aprotic for reductbns and may be eitb^ 
protic or aprotic for oxidations. Reaction times are adjusted to achieve desired convmions. 



Condensation reactions are typicaOy carried out at temperatures near room 
ten?)erature, although for non-equiHhraling, kinelically controlled condensations reduced 
ten5»eratures (0 °C to -100 °Q are also common. Solvents can be eithea: protic (common in 
equilibrating reactions) or aprotic (common in kinetfcally controfled reactions). 



Standard synthetic techniques such as azeotropic removal of reaction by-products and 
use of anhydrous reaction conditions (e.g. inert gas environments) are common in the art and 
win be applied when applicable. 

Schemes 

General aspects of these exemplary methods are described betow and in the Examoles. 
Each of the products of the following processeses are optionally separated, isolated, and/or 
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purified prior to its use in subsequent processes. 



The temis '^treated", "treating", "treatment", and the like, mean contacting, mobdng, 
reacting, aJIowing to react, bringing into contact, and other terms common in the art for 
indicating that one or more cheoucal entities is treated in such a manner as to convert it to one 
or more other chemical entities. This means that "treatmg compound one with compound 
two** s synonymous with "allowing con^und one to react with conqiound two", "contacting 
compound one with confound two", "reacting compound one with coiiqx)und two", and 
other expressions common in the art of organic synthesis for reasonably indicating that 
compound one was "treated", "reacted", "aDowed to react", etc., with conq)ound two. 

"Treating" indicates the reasonable and usual manner in which organic chemicals are 
aUowed to react. Normal concentrations (O.OIM to lOM, typically O.IM to IM), 
temperatures (-100 °C to 250 °C, typically -78 °C to 150 °C; more typically -78 to 100 'C, 
still more typically 0 to 100 °C), reaction vessels (typically glass, plastic, metaQ, solvents, 
pressures, atmospheres (typicaDy air for oxygen and water insensitive reactions or nitrogen or . 



sefecting 



w 




iTi 





conditions and apparatus for "treating" in a given process. In particular, one of ordinary skill 
in the art of organic synthe^ selects conditions and apparatus reasonabfy expected to 
successful^ cany out the chemical reactions of the described processes based on the 
knowledge in the art. 

Modifications of each of the exenQ>lary schemes above and in the exan^les (hereafter 
"'exen^Iary schemes") leads to various anabgs of the candidate compounds. The above .cited 
citations describing suitable methods of organic synthesis are applicable to such modifications* 

In each of the exemplary schemes it may be advantageous to separate reaction 
products from one another and/or from starting materials. The desired products of each step 
or series of steps is separated and/or purified (hereinafter separated) to the desired degree of 
homogeneity by the techniques common m the art. Typically such separations involve 
multiphase extraction^ crystallization from a solvent or solvent mixture, distillation, 
sublimation, or chromatography. Chromatognqphy can .involve any number of methods 
including, for example: reverse-phase and normal phase; size exclusion; ion exchange; high. 
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medium, and bw pressure lijuid chromatography methods and apparatus; small scale 
analytical; simulated moving bed (SMB) and preparative thin or thick layer chromatography, 
as well as techniques of small scale thin layer and flash chromatography. 

Another class of separation methods involves treatm^ of a mixture with a reagent 
selected to hind to or rend^ otherwise separable a desired product, unreacted starting 
znaterial, reaction by product, or the like. Such reagmts include adsorbents such as activated 
carbon, molecular sieves, ion exchange media, or the like. Alternatively, the reagents can be 
acids in the case of a basic material, bases m the case of an acidic material, binding reagents 
such as antibodies, binding proteuis, selective chelators such as crown ethers, liquid/liquid ion 
extraction reagents (LIX), or the like. 

w 

Selection of appropriate methods of separation depends on the nature of the materials 
invoked. These include boiling point and molecular weight in distillation and subhmatbn, 
presence or absence of polar functional groups in chromatography, stability of materials in 
acidic and basic media in multiphase extraction, and the like. One skilled in the art win apply 
techniques most likely to achieve the desired sqparatioa 

A singk stereoisomer, e.g. an enantiom^, substantial^ free of its stereoisomer may be 
obtained by resolution of the racemic mixture using a method such as formation of 
diastereomers using optkaUy actiye resohdng agents C'Stereochemistiy of Carbon 
Compounds," (1962) by E. L. Elid, McGraw Hin; Lochmuller, C. H., (1975) 7. Chromatogr., 
1 13:(3) 283-302). Racemic mixtures of chiral compounds of the invention can be separated 
and isolated by aiqr suitable method, including: (1) formation of bnic, diastereomeric salts 
with chiral conopouiMls and separatbn 1^ fractional crystallization or other methods, (2) 
formation of diastereomeric con^iounds wiA chiral derivatizing reagents, sepaiatk)n of the 
diastereomers, and conv^ion to the pure stereoisom^ and (3) separation of the 
substantially pure or enriched stereoisomers directiiy under chiral conditions. 

UndCT method (1), diastereomeric salts can be formed by reaction of enantiomerically 
pure chiral bases such as hrucine, quinine, ephedrine, stiychnine, a-methyl-^-phenylethylamine 
(amphetamine), and the like with asymmetric compounds bearing acidic functk)nality, such as 
carboxylic acid and sulfonic acid. The diastereomeric salts may be induced to separate by 
fractional crystallization or ionic chromatography. For separation of the optical isomws of 
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amino confounds, addition of chiral carbo^^lic or sulfonic acids, such as can:phorsu]fonic 
acid, tartaric acid> manddic acid, or lactic acid can result in fonnation of ttie diastereomeric 
salts. 

Alternatively, by method (2), tte substrate to be resolved is reacted with one 
enantiomer of a chiral confound to form a diastereomeric pak (EHel, E. and Wilen, S. (1994) 
Stereochemistry of Organic Compounds, John Wiley & Sons, Inc., p. 322). Diastereomeric 
conqx)unds can be formed by reacting asymmetric confounds with enantiom^cally pure 
chiral derivatizing reagents, such as mentbyl derivatives, followed by separation of the 
diastereomers and hydrolysis to yield the free, enantiomerically enriched xanthene. A method 
of determining optical purity involves making chiral esters, such as a mentfa)d ester, e.g. (-) 
methyl chloroformate m the presence of base, or Mosher ester, a*methoxy-a* 
(trifhioromethyl)phenyl acetate (Jacob m. (1982) 7. Org. Chem. 47:4165), of the racemic 
mixture, and analyzing the NMR spectrum for the presence of the two atropisomeric 
diastereomers. Stable diastereomers of atropisomeric compounds can be separated and 
isolated by normal- and reverse-phase chromatography following methods for separation of 
atropisomeric naphthyl-isoquinolines (Hoye, T., WO 96/151 11). By method (3), a racemic 
mixture of two enantiomers can be separated by chromatography using a chiral stationary 
phase ("Chiral Liquid Chromatography" (1989) W. J. Lough, EA Chapman and Hall, New 
York; Okamoto, (1990) /. of Chromatogr. 513:375-378). Enriched or purified enantiomers 
can be distinguished by methods used to distinguish other chiral molecules with asyminetiic 
carbon atoms, such as optical rotation and circular dichroi^ 

The articles ''and" and ""or" shall be construed as meaning '"and/of* unless otherwise 
required by context or useage. Use of "and/or" herein shall not be construed as foreclosing 
**and/of' when only "and** or "'or^ are enq>loyed in othar circumstances. 

This invention includes all novel and unobvious coiqiounds disclosed hmin, ^p^ther 
or not such compounds are described in the context of methods or other disclosure and 
whether or not such con^unds are claimed upon filing or are set forth in the summary of 
invention. 

The invention has been described in detail sufScientlo alloW one of ordinary skill in the 
art to make and use the subject matter of the following examples. It is apparent that certain 
modifications of the methods and conq>ositions of the following exan^les can be made within 
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the scope and spirit of the invention. 

Examples General Section 
Soine Examples have been performed multiple times. In repeated Examples, reaction 
conditions such as time, ten^p^ure, concaitration and the like, and yields were within 
normal experimental ranges. In rq)eat6d Examples where significant modifications were 
made, these have been noted wh«:e the results varied significant^ firom those described. In 
Exanq>les where different starting matmals were used, these are noted. When the repeated 
Exanoples refer to a "corresponding" analog of a confound, such as a "corresponding ethyl 
ester- j this intends that an othaivise present group, in this case typically a methyl ester, is 
taken to be the same group modified as indicated. 

Exenylarv Methods of Making the Compounds of the Invention. 

r 

. The invention provides inany nwthods of making the compositi^^ 
The compositions are prepared by any of the applicable techniques of organic synthesis. Many 
such techniques are weiDl known in the art Such as those elaborated in "Compendium of 
Organic Synthetic Methods" (John Wiley & Sons, New York), Vol 1, Ian T. Harrison and 
Shuyen Harrison, 1971; Vol 2, Ian T. Harrison and Shuyen Harrison, 1974; Vol 3. Louis S. 
Hegedus and Leroy Wade, 1977; Vol. 4, Leroy G. Wade, jr., 1980; Vol 5, Leroy G. Wade, 
Jr., 1984; and VoL 6, Michael B. Smith; as well as March, J., "Advanced Organic Chwnistry, 
Third Edition", (John Wfley & Sons, New York, 1985), "Con^rehensive Organic Synthesis. 
Selectivity, Strategy ^§5: Efficiency in Modem Organic Chemistry. In 9 Volumes", Bany M. 
Trost, Editor-in-Chief (Pergamon Press, New York, 1993 printing). 

DialkyI phosphonates may be prepared according to the methods ot Quast et al (1974) 
Synthesis 49(H Stowell et al (1990) Tetrahedron Lett. 3261; US Patent No. 5663159. 

In general, synthesis of phospbonate esters is achieved by coiq>]ing a nucleopbile amine 
or alcohol with the corresponding activated phospbonate electrophilic precursor for exanqile, 
CUorophosphonate addition on to 5 -hydroxy of nucleoside is a well known method for 
preparation of nucleoside phosphate monoesters. The activated precursor can be prepared by 
several wen known methods. Chforophosphonates useful for synthesis of the prodrugs are 
prepared from the substituted- 1,3-propanediol (Wissner, et al, (1992)/. Med Cftem 35:1650). 

_ * « 

Chlorophosphonates are made by oxidation of the corresponding chlorophospholanes 
(Anderson, et al, (1984) /, Org. Chem, 49:1304) which are obtained by reactfon of the 
substituted diol with phosphorus trichtoride. Alternatively, the ditorophosphonate agwt is 
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made by treating substituted-13-diols with phosphorusoxychloride (Patois, et al, (1990) /. 
Chem. Sac. Perkin Trans. /, 1577)» Chlorophosphonate species may also be generated in situ 
from corresponding cyclic phosphites (Silverburg, et al., (1996) Tetrahedron lett.^ 37:771- 
774), which in turn can be either made from cUorophospholane or phosphoramidate 
intermediate. Phosphoroflouridate intermediate prepared either from pyrophosphate or 
phosphoric acid may also act as precursor in preparation of cyclic prodrugs (Waianabe et aL» 
(1988) Tetrahedron lett.^ 29:5763-66). Caution : fluorophosphonate confounds may be 
highly toxic I 

Schemes and Examples 

General aspects of these exen^lary methods are described below and in the Exaniples. 
Each of the products of the following processes is optionally separated, isolated, and/or 
purified prior to its use in subsequent processes. 

A number of exemplary methods for the preparation of the compositions of the 
invention are provided below. These methods are intended to illustrate the nature of such 
preparations are not intended to limit the scope of applicable methods. 

The tenns "treated**, "treating", '*treatmmt", and the like, mean contacting, mixing, 
reacting, allowing to react, bringing into contact, and otfao: terms common in the art for 
indicating that one or more chemical entities is treated in such a mann^ as to convert it to one 
or more other chemical entities. This means that "treating compound one with conq)ound 
two" is synonymous with "allowing compound one to react with pon;>ound two**, ''contacting 
con^und one with conq)ound two'*, "reacting conq>ouhd dne with compound two", and 
oth^ e)q>ressions common m the art of organic synthesis for reasonably indicating that 
compound one was ''treated**, "reacted", "allowed to react", etc., with compound two. 

"Treating" indicates the reasonalde and usual maimer in which organic chemicals are 
allowed to react Normal concentratbns (D.OIM to lOM, typically O.IM to IM), 
temperatures (-100°C to 250T, typically -78X to ISO^C, more typically -78''C to lOO^C, still 
more typically O^'C to 100°C), reaction vessels (typically glass, plastic, metal), solvents, 
pressures, atmospheres (typically air for o}^gen and water insensitive reactions or nitrogen or 
argon for oxygen or water sensitive), etc., are intended unless otherwise indicated. The 
knowledge of similar reactions known in the art of organic synthesis are used in selecting the 
conditions and apparatus for "treating** in a given process. In particular, one of ordinary skill 
m the art of organic synthesis selects conditions and apparatus reasonably expected to 
successfolly carry out the chemical reactions of the described processes based on the 
knowledge in the art. 
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Modffications of each of the exemplary schemes above and in the exan5)Ies (hereafter 
"exenylary schemes'^) leads to various analogs of the specific exemplary materials produce. 
The above cited citations describing suitable methods of organic synthesis are applicable to 
such modifications. 

In each of the exen^lary schemes it may be advantageous to separate reaction 
products firom one another and/or firom starting materials. The desired products of each step 
or series of steps is separated and/or purified (hereinafter separated) to the desired degree of 
homogeneity by the techniques common in the art. Typically such separatbns involve 
multq>hase extraction, crystalUzation firom a solvent or solvent mixture, dhtillation, 
sublhnation, or chromatography. Chromatography can involve any number of methods 

* 

inchiding, for exan^le: reverse-phase and normal phase; size exclusion; k)n exchange; high, 
medium, and low pressure liquki chromatography methods and apparatus; small scale 
analytical; simulated moving bed (SMB) and preparative thin or thick layer chromatography, 
as wen as techniques of small scale thin layer and flash chromatography. 

• » 

Another class of separation methods involves treatment of a mixture with a reagent 
selected to bind to or render otherwise separable a desired product, unreacted starting 
material, reaction by product, or the like. Such reagents include adsorbents or absorbents 
such as activated carbon, molecular sieves, ion exchange media, or the like. Altematively, the 
reagents can be acids in the case of a basic material, bases in the case of an acidic material, 
binding reagents such as antibodies, binding proteins, selective chelators such as crown ethers, 
liquid/hquid ion extraction reagents (LDQ, or the like. 

Selection of appropriate methods of separation depends on the nature of the marm ajs 
involved. For example, boiling point, and molecular weight in distillation and sublimation, 
presence or absence of polar functional groups in chromatography, stability of materials in 
acidic and basic media in multq)hase extractioii, and the like. One skilled in the art will apply 
techniques most likely to achieve the desired sqiaration. 

A single stereoisomer, e.g. an enantiomer, substantially free of its stereoisom^ may be 
obtained by resolution of the racemic mixture using a method such as fi)rmation of 
diastereomers using optically active resolving agents (''Stereochemistry of Carbon 
Confounds,- (1962) by E. L. Eliel, Mc(3raw HiD; Lochmuller, C H., (1975) / Chromatogn, 

» 

113:(3) 283-302). Racemic mixtures of chiral compounds of the invention can be separated 
and isolated by any suitable m^od, including: (1) formation of ionic, diastereomeric salts 
with chiral coixqH>unds and separation by fi-actional crystallization or other methods, (2) 
formation of diastereomeric compounds with chiral derivatizing reagents, separation of the 
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diastereomers, and conversion to the pure stereoisomers, and (3) separation of the 







Mi 


Hi 



Under method (1), diastereom^ salts can be fonned by reaction of enantiomerically 
pure chiral bases sudi as bnictne, quinine, ephedrine, strychnine, a-methyl-P-phenylethjiamine 
{an:5)hetamine), and the like with asynamctrk: compounds bearing acidic functionality, such as 
carboxylic acid and sulfonic acid. The diastereomeric salts may be induced to separate by 
fractional crystallization or ionic chromatogr^hy. For separation of the optical isomers of 
amino compounds, addition of chiral carboxylic or sulfonic acids, such as canqphorsulfonic 
acid, tartaric acid, mandelic acid, or lactic acid can result in formation of the diastereomeric 
salts. 

Alternatively, by method (2), the substrate to be resolved is reacted with one 
enantiomer of a chiral confound to form a diast^eomeric pair (Eliel, £. and "^eo, S. (1994) 
Stereoch^oustry of Cyanic Conq)ounds, John Wiley & Sons, Inc., p. 322). Diastereom^ 
compounds can be fonned by reacting asymmetric conqpounds with enantiomericalty pure 
chiral derivatizing reagents, such as m^tbyl derivatives, followed by separation of the 
diastereouKTS and hydrolysis to yield the free, oiantioiKrically enriched xantbene. A method 
of detenmning optical purity involves nuddng chiral esters, such as a menthyl ester, e.g. (-) 
menthyl cUoroformate in the presence of base, or Mosher ester, a-metho)^-a- 
(trifluoromethyl)phenyl acetate (Jacob III. (1982) 7. Org. Chem. 47:4165), of the raccmic 
nnxture, and analyzing the NMR spectrum for the presence of the two atropisomeric 
diastereomers. Stable diastereomers of atropisomeric conq)ounds can be separated and 
isolated by normal- and reverse-phase chromatography following methods for separation of 
atropisomeric naphthyHsoquinolines (Hoye, T., WO 96/151 11). By method (3), a racMjic 
mixture of two enantiomers can be separated by chromatography using a chiral stationary 
phase ("Chiral Liquid Chromatogr^hy" (1989) W. J. Lough, Ed. Chapman and Hall, New 
York; Okamoto, (1990) J. of Chromatogr. 513:375-378). Enriched or purified enantionws 
can be distinguished by methods used to distinguish otfa«r chiral molecules with asymmetric 
carbon atoms, such as optical rotation and circular dichro^m. 

An literature and patent citations above are hereby expressly incorporated by reference 
at tbe.locatbns of their citation. Specifically cited sections or pages of the above cited works 
are incorporated by reference with specificity. The invention has been described in detaQ 
sufficient to allow one of ordinary skill in the art to make and use the subject matter of the 
following Embodiments. It is ^parent that certain modifications of the methods and 
compositions of the following Erobodiments can be made within the scope and spirit of the 
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Scheme A shows the general ioterconversioDS of certain phosphonate conpouods: 
acids -P(0)(0H)2; mono-esters -P(0)(ORi)(OIO; and diesters -P(0)(0Ri)2 in which the R' 
groups aie independently selected, and defined herein before, and the pho^horus is attached 
through a carbon raoiety (link, Le. linker), which is attached to the rest of the mokcute, e.g. 
drug or drug intermediate (R). The groups attached to the phosphonate esters in Scheme 1 
may be changed using established chemical transformations. The int^conv^ons may be 
carried out in the precursor coii9>ounds or the final products using the methods described 
below. The methods enq>loyed for a given phosphonate transformation depend on the nature 
of the substituent The prq)aratjon and hydrolysis of phosphonate estas is described in 
Organic Pho sphorus Compounds. G. M. Kosolapoff, L. Maeir» eds. Wiley» 1976» p. 9if. 

The conversion of a phosphonate diester 27*1 into the corresponding phosphonate 
monoester 27,2 (Scheme A, Reaction 1) can be accon^lished by a number of n^thods. For 
example, the ester 27.1 in which R^ is an aiylalky! group such as benzyl, can be converted into 
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the monoester compound 27 J by reaction with a tertiary organic base such as 
diazabicyclooctane (DABCO) or quinuclidine, as described iaJ. Org. Chem., 1995» 60:2946. 
The reaction is performed in an inert hydrocarbon solvent such as tohiene or xylene, at about 
1 10*^C. The conversion of the diester 27,1 in which is an aryl group such as phenyl, or an 
aflcenyl group such as allyi, into the monoester 27.2 can be effected by treatment of the ester 
27 J with a base such as aqueous sodium hydroxide in acetonitrfle or lithium hydroxide in 
aqueous tetrahydrofuran. Phosphonate diesters 27.2 in which one of the groups S} is 
arylallgrl, such as benzyl, and the other is alkyi, can be converted into the monoesters 27.2 in 
which R' is alkyl, by hydrogenation, for exanople using a palladium on carbon catalyst. 
Phosphonate diesters in whkh both of the groups R* are alkenyl, such as allyl, can be 
. converted mto the monoest^ 27.2 in which R^ is alkenyl, by treatment with 
chlor6tris(tr]phenyl^osphine)rhodium (Wilkinson's catalyst) in aqueous ethanol at reflux, 
optbnalfy in the presence of diazabicyclooctane, for exanq>le by using the procedure described 
in / Org. Chenu, 38:3224 1973 for the cleavage of alljd carboxylates. 

The conversion of a phosphonate diester 27.1 or a phosphonate monoester 112 into 
the corresponding phosphonic acid 27.3 (Scheme A, Reactions 2 and 3) can effected by 
reaction of the diester or the monoester with trimethylsilyl bromide, as described in /. Chem. 
Soc, Chenu Comm.^ 739, 1979, The reaction is conducted in an inert solvent such as, for 
exanq>le, dicUoromethane, optional^ in the presence of a silylating ag^ such as 
bis(trimethylsilyi)triQuoroacetamide, at anotbient temp^ature. A phosphonate monoester 27 
in which R^is arylaD^I such as bens^ can be converted into the corre^nding phosphonk 
ackl 273 by hydrogeQatk>n over a palladium catalyst, or by treatm^t with hydrogen cUoride 
in an ethereal solvent such as dioxane. A plK>q)honate monoesto* 27*2 in which R^ is alkenyl 
such as, for example, allyl, can be converted into the phosphonic acid 273 by reaction with 
Wilkinson's cata^ in an aqueous organic solvent, for exanQ>le in 15% aqueous acetonitrile, 
or in aqueous ethanol, for example using the procedure described in Heh. Chim. Acta., 
68:61 8, 1985. Palladium catalyzed l^drogenolysis of phosphonate esters 27.1 in which R^ is 
benzyl is described in J. Org. Chem., 24:434, 1959. Platinirai-catalyzed hydrogenolysis of 
phosphonate esters 27.1 in which R' is phenyl is described in 7. Amer. Chem. Soc.^ 78:2336, 
1956. 

The conversion of a phosphonate monoester 27.2 into a phosphonate diester 27.1 
(Scheme A, Reaction 4) in which the newly introduced R' group is alkyl, arylalkyl, or 
haloalkyl such as chloroethyl, can be efTected by a number of reactions in which the substrate 
27.2 is reacted with a hydroxy conipound R OH, in the presence of a coupling agent. Suitable 
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coupling agents are those employed for the preparation of carboxylate esters, and include a 
carbodiimide such as dicyclohe)^]carbodiimide» in which case the reaction is preferably 
conducted in a basic organic solvent such as pyridine, or (benzotriazol-l- 
yl03q^)tripyrrolidinophosphonium hexafluorophosphate (PYBOP, Sigma)» in which case the 
reaction is performed in a polar solvent such as dinietbylfonnamide, in the presence of a 
tertiary organic base such as diisopropylethylanrine, or Aldrithiol-2 (Aldrich) in which case the 
reaction is conducted in a basic solvent such as pyridine, in the presence of a triaiyl phosphine 
such as tiiphenylphosphine. Alternatively, the conversion of the phosphonate monoester 27.1 
to the diester 27.1 can be effected by the use of the Mitsunobu reaction. The substrate is 
reacted with the hydroxy compound R'OH, in the presence of diethyl azodicarboxylate and a 
triarylphoq)hine such as triphenyl phosphine. Alternatively, the phosphonate monoester 27,2 
can be transfornied into the phosphonate diester 274, in which the introduced group is 
alkenyl or arylalkyl, by reaction of the monoester with the halide R'Br, in which R' is as 
alkenyl or arylalkyL The alkylation reaction is conducted in a polar organic solvrat such as 
dknethylformamide or aceitonitrile, in the presence of a base such as cesium caifoonate. 
Alternatively, the phoq)honate monoest« can be transformed into the phosphonate diester in a 
two step procedure. In the first step, the phosphonate monoester 27,2 is transformed into the 
cUoro analog -P(0)(OR')a by reaction with thionyl chloride or oxalyl chloride and the hke, 
as described in Organic Phosphorus Compounds, G. M. Kosolapo^ L. Maeir, eds, Wiley, 
1976, p. 17, and the thus-obtained product -P(0)(OR')a is then reacted with the hydroxy 
conn)ound R^OH, in the presence of a base such as trietl^Iamine, to afibrd the phosphonate 
diester 27.1. 

A phosphonic acid -P(0)(0H)2 can be transformed into a phosphonate monoester - 
P(0)(0R')(0H) (Schenffi A, Reaction 5) by means of the methods described above of for the 
preparation of the phosphonate diester -P(0)(0R^)2 27.1, except that only one molar 
proportion of the con]{K>nent R^OH or R^Br is en^loyed. 

A phosphonic acid -P(0)(0H)2 27.3 can be transformed into a phosphonate diester - 
P(0)(0R')2 27.1. (Scheme A, Reaction 6) by a coupling reaction with the hydroxy compound 
R^OH, in the presence of a coupling agent such as Aldrithiol-2 (Aldrich) and 
triphenylphosphine. The reaction is conducted in a basic solvent such as pyridine. 
Alternatively, phosphonic acids 27.3 can be transformed into phosphonic esters 27.1 in which 
R' is aryl, such as phenyl, by means of a coupling reaction CT5)loying, for example, phenol and 
dicyclohexylcarbodiimide in pyridine at about 70**C Alternatively, phosphonic acids 27 J can 
be transformed into phosphonic esters 27.1 in which R^ is alkenyl, by means of an alkylation 
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reaction. The phosphonic acid is reacted with the alkenyi bromide R^Br in a polar organic 
solvent such as acetonitrile solution at reflux temperature, in the presence of a base such as 
cesium carbonate, to afford the phosphonic ester 27.1. 

Phosphonate prodrugs of the present invention may also be prepared from the 
precursor free acid by Mitsunobu reactions (Mitsunobu, (1981) Synthesis, 1; Campbell, (1992) 
/. Org. Chem., 52:6331), and other acid coupling reagents mcluding, but not limited to, 
caibodiimides (Alexander, et al. (1994) Collect. Czech. Chem. Commuru 59:1853; Casara, et 
al, (1992) Bioorg. Med. Chem. Lett., 2:145; Ohashi, et al, (1988) Tetrahedron Lett., 29:1189). 
and benzotriazolyloxytris-(dimethylamino)phosphomum salts (Campagne, et al, (1993) 
Tetrahedron Lett,, 34:6743). 

Preparation of carboalkoxy-substituted phosphonate bisamidates, monoamidates, 
diesters and monoesters* 

A number of methods are available for the conversion of phosphonic acids into amidates and 
esters. In one group of methods, the phosphonic add is either converted into an isolated 
activated intermediate such as a phosphoiyl chloride, or the phosphonic acid is activated m 
situ for reaction with an amine or a hydtoiy compound. 

The conversion of phosphonic acids into pho^horyl chlorides is accomplished by reaction 
with thionyl chloride, for exanple as described in J. Gen. C3bem. USSR, 1983, 53, 480, Hl 
Obschei Khim., 1958, 28, 1063, or J. Org. Ghent, 1994, 59, 6144, or by reaction with oxalyl 
chloride, as described in J. Am. Chem. Soc, 1994, 1 16, 3251, or J. Org. Chem., 1994, 59, 
6144, or by reaction with phosphorus pentacUoride, as described in J. Org. Chem., 2001, 66, 
329, or in J. Med. ChenL, 1995, 38, 1372. The resultant phosphoryl chlorides are thm reacted 
with amines or hydro)^ compounds in the presence of a base to afford the amidate or ester 
products. 

Phosphonic acids are converted into activated imidazolyl derivatives by reaction with carbonyl 
diimidazole, as described in J. Chem. Soc, Chem. Comm., 1991, 312, or Nucleosides 
Nucleotides 2000, 19, 1885. Activated sulfonyloxy derivatives are obtained by the reaction of 
phosphonic acids with trichloromethylsulfonyl chloride, as described in J. Med. Chem. 1995, 

■ 

38, 4958, or with triisopropylbenzenesulfonyl chloride, as described in Tet. Lett., 1996, 7857, 
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or Bioorg. Med. Chem. Lett., 1998, 8, 663. The activated sulfonylo;qr derivatives are then 
reacted with amines or hydroxy compounds to afford anddates or esters. 
Alternatively, the phosphonic acid and the amine or hydroxy reactant are combined in the 
presence of a diimide coupling agent. The preparation of phosphonic amidates and esters by 
means of coupling reactions in the presence of dicyclohe^Qrl carbodiimide is described, for 
exan^rfe, in J. Chem Soc, Chem. Comm., 1991, 312, or J. Med. Chenu, 1980, 23, 1299 or 
ColL Czech. Chena. Comm., 1987, 52, 2792. The use of ethyl dimethylaminopropyl 
carbodiimide for activatbn and coiqiling of phosphonic acids is described in Tel. Lett, 2001, 
42, 8841, or Nucleosides Nucleotides, 2000» 19, 188S. 

• * 

A number of additional coiqpling reagents have been described for the preparation of amidates 
and esters from phosphonic acids. The agents include AIdrithiol-2, and PYBOP and BOP, as 
described m L Org. Chem., 1995, 60, 5214, and J. Med. Chena., 1997, 40, 3842, mesitylene-2- 
sulfon3d-3-nitro-l,2,4-triazole (MSNT), as described in J. Med. Chem., 1996, 39, 4958, 
diphenylphosphoryl azide, as described in J. Org. Chem., 1984, 49, 1158, l-(2,4,6- 
triisopropylbenzenesulfonyl-S-nitro-l A4-triazole (TPSNT) as described in Bioorg. Med. 
Chem. Lett., 1998, 8, 1013,bromotris(dimethy]amino)phosphoniumhexafiuorophosphate 
(BioP), as described in Tet. Lett., 1996, 37, 3997, 2-chk>ro.5,5-dnnethyl-2-oxo- 1,3,2- 
dioxaphosphinane, as described in Nucleosides Nucleotides 1995, 14, 871, and dq)henyl 
cUorophosphate, as described in J. Med. Chem., 1988* 31, 1305. 

Phosphonic adds are converted into amidates and esters by means of the Mitsonobu reaction, 
in which the phosptonic add and the ainine or hydros reactant aie combined in the jMresence 
of a triatyl phosphine and a dialkyl azodicarbostylate. The procedure is described in Org. 
Lett, 2001, 3, 643, or J. Med. Chem., 1997, 40, 3842. 

Pbosj^nic esters aie also obtained by the reaction between phosphonic acids and hab 
compounds, in the presence of a suitable base. The method is described, for exanple, in AnaL 
ChenoL, 1987, 59, 1056, or J. Chem. Soc. Pttldn Trans., 1, 1993, 19, 2303, or J. Med. Chem., 
1995, 38, 1372. or Tet. Lett., 2002, 43, 1161. 

Schemes 1-4 illustrate the conversion of phosphonate esters and phosphonic acids into 
carboalkoxy-substituted phosphorobisamidates (Scheme 1), phosphoroamidates (Scheme 2), 
phosphonate monoesters (Scheme 3) and phosphonate diesters, (Scheme 4). 
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Scheme 1 iDustrates various methods for the conversion of phosphonate diesters 1,1 into 
phosphorobisamidates 1*5. The diester 1.1, prepared as described previously, is hydrolyzed, 
either to the monoester 1.2 or to the phosphonic add L6. The methods eiiq)loyed for these 
transformations are described above. The monoester 1.2 is converted into dje monoamidate 
1 J by reaction with an aminocstCT L9, in which the group is H or alkyl, the group is an 
alkylene moiety such as, for example, CHCH,, OlPr*, CHCCHaPh), GHaCHCCaHs) and the like, 
or a group present in natural or modified aminoacids, and the group R^ is alkji The rcactants 
are combined in the presence of a coupling agait such as a carbodiimide, for wsaxxplt 
dicyclohexyl carbodiimide, as described in J. Am. Chem. Soc., 1957, 79, 3575, optionally in 
this presence of an activating agent such as hydroxybenztriazole, to yield the amidate product 
U. The ainidate-forming reaction is also effected in the presence of coupling agents such as 
BOP, as described in I Org. Chem., 1995, 60, 5214, Aldrithiol, PYBOP and sunilar coupling 
agents used for the preparation of amides and esters. Alternatively, the reactants 1.2 and 1.9 
are transformed into the monoamidate 1.3 by means of a Mitsonobu reaction. The preparation 
of amidates by means of the Nfitsonobu reaction is described in L Med Chem., 1995, 38, 
2742. Equimolar amounts of the reactants are conobined in an inert solvit such as 
tetrahydrofuran in the presence of a triaryl phosphine and a diaOgi azodicarbo^^te. The 
thus-obtained monoamidate est^ 1.3 is then transformed into amidate phosphonic acid 1.4. 
The conditions used for the hydrolysis reaction depend on the nature of the R^ group, as 
described previous^. The phosphonic acid amidate lA is then reacted with an aminoester IS^ 
as described above, to yield the bisamidate product 1.5, in which the amino substituents are 
the same or different. 

An example ofthis procedure is shown in Sdiemel, Example 1. In this procedure, a dibenzyl 
.phosphonate L14 is reacted with diazaWcyclooctane (DABCO) in toluene at reflux, as 
described in J. Org. Chem., 1995, 60, 2946, to afford the monobenzyl phosphonate 1.15. The 
product is then reacted with equimolar amounts of ethyl alaninate 1.16 and dicyclohexyl 
carbodiimide in pyridine, to yield the amidate product 1.17. The benzyl group is then 
removed, for example by hydrogenolysis over a palladium catalyst, to give the monoadd 
product 1.18. This compound is then reacted in a Mitsonobu reaction with ethyl leucinate 
1.19, triphenyl phosphine and diethylazodicarboxylate, as described in J. Med. Chem., 1995, 
38^ 2742, to produce the bisamidate product 1.20. 
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Using the above procedures, but employing, in place of ethyl leucinate 1.19 or ethyl alaninate 
1.16, different aminoesters the corresponding products 1.S are obtained. 

Alternatively, the phosphonic acid 1.6 is converted into the bisamidate L5 by use of the 
coupling reactions described above. The reaction is performed in one step, in which case the 
nitrogen-related substituents present in the product 1.5 are the same, or in two steps, in which 
case the nitrogen-related substituents can be different. 

An example of the method is shown in Scheme 1, Exanople 2. In this procedure, a phosphonic 
acid 1.6 is reacted in pyridine solution with excess ethyl phenylalaninate 1.21 and 
dicyclohexylcarbodiimidc, for example as described in J. Chein. Soc, Chem. Comm., 1991, 
1063, to give the bisamidate product 1.22. 

Using the above procedures, but ^npbying, in place of ethyl phenylalaninate, different 
aminoesters 1.9, the corresponding products 1.5 are obtained. 

As a further alternative, the phosphonic acid 1.6 is converted into the mono or bis-activated 
derivative 1.7, m which Lv is a leavbg group such as chbro, imidazolyl, 
triisopropj^nzenesulfonyloxy etc. The conversion of phosphonic acids into chlorides 1.7 
(Lv = CI) is effected by reaction with thionyl chloride or oxalyi chloride and the like, as 
described in Organic Hiosphorus Compounds, G. M. Kosolapoff, L. Maeir, eds, Wiley, 1976, 
p. 17. The conversion of phosphonic acids into monoimidazolides 1.7 (Lv = hnidazolyl) is 
described in J. Med. Chem., 2002, 45, 1284 and in J. Chem. Soc. Chem. Comm., 1991, 312. 
Alternatively, the phosphonic add is activated by reaction with triisoprop)dbenzenesulfonyl 
cUoride, as described in Nucleosides and Nucleotides, 2000, 10, 1885. The activated product 
is then reacted widi the aminoester 1.9, in the presence of a base, to give the bisamidate 1.5. 
The reaction is performed in one step, in which case the nitrogen substituents present in the 
product 1.5 are the same, or in two steps, via the intmnediate 1.11, in which case the nitrogen 
substituents can be different. 

Examples of these methods are shown in Scheme 1, Examples 3 and 5. In the procedure 
illustrated in Scheme 1, Example 3, a phosphonic acid 1.6 is reacted with ten molar 
equivalents of thionyl cMoride, as described in Zh. Obschei Khim., 1958, 28, 1063, to give the 
dicbloro conopound 1.23. The product is then reacted at reflux temperature in a polar aprotic 
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solvent such as acetonitrile, and in the presence of a base such as triethylainine, with butyl 
serinate 1^ to afford the bisamidate product 1.25. 



Using the above procedures, but employing, in place of butyl serinate 1.24, diffisrent 
anunoesters L9» the corresponding products 1.5 are obtained. 

In the procedure illustrated in Scheme 1, Exan^le 5, the phosphonic acid 1.6 is reacted, as 
described in J. Chenx Soc. CbeuL Comm., 1991, 312, with caibonyl diimidazole to give the 
imidazolide 1.32. The product is then reacted in acetonitrile solution at ambient tenq)eratUTe, 
with one molar equivalent of ethyl alaninate 1.33 to yield the monodisplacement product L34. 
The latter conqK)und is then reacted with caibonyl diimidazole to produce the activated 
intermediate 135, and the product is then reacted, under the same conditions, with ethyl N- 
methylalaninate 1.33a to give the bisanudate product 1*36* 



Using the above procedures, but en9>loying, in place of ethyl alaninate 133 or ethyl N- 
methylalaninate 133a, different andnoesters 1.9, the corresponding products 1.5 are obtained. 



The intermediate monoamidate 13 is also prepared from the monoester 1.2 by first converting 
the monoester into the activated derivative 1.8 in which Lv is a leaving group such as halo, 
imidazolyl etc, using the procedures described above. The product 1.8 is tb^ reacted with an 
aminoester 1.9 in the presence of a base such as pyridine, to give an intermediate monoamidate 
product 13. The latter compound is then converted, by removal of the group and coupling 
of the product with the aminoest^ 1.9, as described above, into the bisamidate 1.5. 



An exan^Ie of this procedure, in which the phoq)honic acid is activated by conversk>n to the 
chloro derivative 1.26, is shown in Scheme 1, Exantq^Ie 4. In this procedure, the phosphonic 







n 





Tet. Let., 1994, 35, 4097, to afford the phosphoryl chloride L26. The product is then reacted 
in acetonitrile solution at ambient temperature with one molar equivalent of ethyl 3-ainino-2- 
methylpropionate 1.27 to yield the monoamidate product 1.28. The latter conq)ound is 
hydrogenated in ethyl acetate over a 5% palladium on carbon catalyst to produce the 
monoacid product 1J29. The product is subjected to a Mitsonobu coupling procedure, with 



equimolar amounts of butyl alaninate 1.30, tripfaenyl phosphine, diethylazodi* 
triethylamine in tetrahydrofiiran, to give the bisamidate product 1.31. 



xylate and 
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Using the above procedures, but employing, in place of ethyl 3-amino-2-methylpropionate 
1.27 or butyl alaninate UO, different aminoesters 1.9, the corresponding products 1^ are 
obtained. 

The activated phosphonic acid derivative IJ is also converted into the bisamidate 1^ via the 
diamino coinpound IJO. The conversion of activated phosphonic acid derivatives such as 
phosphoryl chlorides into the corresponding ammo analogs LIO, by reaction with ammonia, is 
described in Qiiganic Phosphorus Compounds, G. M, Kosol^fif, L. Maeir, eds, Wiley, 1976. 
The diamino conqpound 1.10 is (hen reacted at elevated temperature with a haloester 1.12, in a 
polar organic solvent such as dimethylformamide, in the presence of a base such as 
dimethylaminopyridine or potassium carbonate, to yield the bisamidate 1.5, 
An example of this procedure is shown in Scheme 1, Example 6. In this method, a 
dichloropbosphonate 1.23 is reacted with ammonia to aiSbrd the diamide 1.37. The reaction is 
performed in aqueous, aqueous alcoholic or alcoholic solution, at reflux ten^^ture. The 
resulting diamino conqK>und is (hsa reacted with two molar equivalrats of ethyl 2-bromo-3- 
methylbutyrate 138, in a polar organk^ solvent such as N-methylpyiroUdinone at ca. ISO^'C, in 
the presence of a base such as potassium carbonate, and optionally in the presrace of a 
catalytic amount of potassium iodide, to afford the bisamidate jproduct U9. 

Using the above procedures, but employing, in place of ethyl 2-broi[K>*3-metfay]butyrate L38, 
different haloest^ 1.12 the corresponding products IS are obtained. 

The procedures shown in Scheme 1 are also applicable to the preparation of bisamidates in 
which the aminoester moiety incorporates different functional groups. Scheme 1, Example 7 
illustrates the preparation of bisamidates derived from tyrosine. In this procedure, the 
monoimidazolide 132 is reacted with propyl tyrosinate 1.40, as described in Example 5, to 
yield the monoamidate 1.41. The product is reacted with carbonyl diimidazole to give the 
imidazolide 1.42, and this material is reacted with a further molar equivalent of propyl 
tyrosinate to produce the bisamidate product L43. 

Using the above procedures, but enq>loying, in place of propyl tyrosinate 1.40, difi^nt 
aminoesters ISj the corresponding products 1.5 are obtained. The ammoesters employed in 
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the two stages of the above procedure can be the same or different, so thai bisamidates with 
the same or different amino substituents are prepared. 

Scheme 2 illustrates methods for the preparation of phosphonate monoamidates. 
In one procedure, a phosi^onate monoester 1.1 is converted, as described in Scheme 1, into 
the activated doivative 1.8. This conq>ound is then reacted, as described above, with an 
aminoester L9, in the presence of a base, to afford the monoamidate product 2.1. 
The procedure is illustrated in Scheme 2, Example 1. In this method, a monophenyl 
phosphonate 2.7 is reacted with, for exmple^ thiony] chloride, as described m J. Gen. Chenx 
USSR., 1983, 32, 367, to give the chldro product 2<£. The product is then reacted, as 
described in Scheme 1, with ethyl alaninate 2»9, to yield the amidate 2.10. 

..Using the above procedures, but en9>loying, m place of ethyl alflninatp 2.9, difierent 
aminoesters 1.9, the corresponding products 2.1 are obtained. 

Alternatively, the pho^honate monoester 1.1 is coupled, as descrS)ed in Scheme 1, with an 
anunoester 1.9 to produce the amidate 2.1. If necessaiy, the substituent is then altered, by 
initial cleavage to afford the pbosphonic acid 2 JS. The fffocedures for this transformation 
depend on the nature of the R' group, and are described above. The phosphonic acid is thexi 
transformed into the ester amidate product 23, by reaction with the hydroxy compound 
R^OH, in which the group R^ is aryl, heteroarjd. alkyl, cycloalkyl, baloalkyl etc, using the same 
coupling procedures (carbodiimide, Aldrithiol-2, PYBOP, Mitsonobu reaction etc) described 
in Scheme 1 for the coupling of amines and phosphonic acids. 
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Exanq>lesofthisinetbodaieslK>wnmScbeme2, Exaii9lesand2and3. In the sequence 
shown in Exaiqple 2, a monobenzyl pbosphonate 2.11 is transfomied by reaction with ethyl 
alaninate, using one of the methods described above» into the monoamidate 2.12. The benzyl 
group is then removed by catalytic bydrogenation in ethyl acetate solution over a 5% 
paOadiom on carbon catalyst, to a£ford the phosphonic acid amidate 2.13. The product is then 
reacted in dicfaloroinethane solution at ambient tenq>erature with equimolar amounts of 1- 
(dimethylanunopropyl>'3'-ethy]carbodiiniide and trifluoroethanol 2.14, for example as 

« 

described in Tet. L^., 2001, 42, S841, to yield the amidate ester 2.15. 



In the sequence shown in Scheme 2, Exanq)le 3, the monoamidate 2.13 is coupled, in 
tetrahydrofuran solution at ambient temperature, with equimolar amounts of dicydohexjd 
caibodiimide and 4-hydroxy-N-m^hylpiperidme 2.16, to produce the amidate ester product 
2.17. 



Using the above procedures, but en^loying, in place of the ethyl alaninate product 2.12 
different monoacids 2.2, and in place of trifluoroethanol 2.14 or 4-hydroxy-N-methy^iperidine 
2.16, different hydroxy conq)ounds R^OH, the corre^nding products 23 are obtained. 

Alternatively, the activated pbosphonate ester 1.8 is reacted with ammonia to yield the amidate 
2.4. The product is then reacted, as described in Scheme 1, with a haloester 23, in the 
presence of a base, to produce the amidate product 2.6. If appropriate, the nature of the 
group is changed, using the procedures described above, to give the product 23. The method 
is illustrated in Scheme 2, Example 4. In this sequence, the monophenyl phosphoryl cUoride 
2.18 is reacted, as described in Scheme 1, with ammonia, to yield the ammo product 2.19. 



wo 2004/096818 PCmP2003/012423 

lis 

This material is then reacted in N-methylpyiTolidinone solution at 170°C with butyl 2-bromo- 
3-phenylpropionate 2.20 and potassium carbonate, to afford the amidate product 2.21. 
Using these procedures, but en[5>loying, in place of butyl 2-hromo-3-phenylpropionate 120, 
different haloesters 2.5, the corresponding products 2.6 are obtained. 

The monoamidate products 23 are also prepared iBrom tbe doubly activated phosphonate 
derivatives 1.7. In this procedure, examples of v^ch are described in Syolett., 1998, 1, 73, 
the mtennediate L7 is reacted with a Bmited amount of the aminoester 1.9 to give the mono- 
displacement product 1.11. The latter compound is then reaaed with the hydroxy con^)bund 
R OH in a polar organic solvent such as dimethylformamide, in the presence of a base such as 
diisopropylethylamine, to yield the monoamidate est^ 23. 

The method is illustrated in Scheme 2, Exan^le 5. In this method, the phosphoryl dichloride 
2.22 is reacted in dichloromethane solution with one molar equivalent of ethyl N-metfayl 
tyrosinate 2.23 and dimethylaminopyridine, to generate the monoamidate 2.24. The product is 
then reacted with phenol 2.25 in dimethylfbrmamide containing potassium caibonate, to yield 
the ester amidate product 2.26« 

Using these procedures, but en5)loying, in place of ethyl N-methyl tyrosinate Z23 or phenol 
2JS, the aminoesters 1.9 and/or the hydroxy con5)ounds R^OH, the corresponding products 
23 are obtained 
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Sch&me 3 illustrates methods for the preparation of carboalkoi^-substituted pho^honate 
diesters in which one of the ester groups incorporates a carboalkoxy substituent. 
In one procedure, a phosphonate monoester 1.1, pr^ared as described above, is coupled, 
using one of the methods described above, with a hydroxyest^ 3.1, in which the groups 
and are as described in Scheme 1. For exanq>le, equimolar acoounts of the reactants are 
coupled in the pres^ce of a carbodiimide such as dicydohexyl carfoodiimide, as described in 
Aust. J. Obem., 1963, 609, optionally in the presence of dimethylanimopyridine, as described 
in Tet., 1999, 55, 12997. The reaction is conducted in an inert solvent at ambient 
temperature. 

The procedure is illustrated in Schraoe 3, Example 1. In this method, a monophenyl 
phosphonate 3*9 is coupled, in dicUoromethane solution in the presence of dicyctohexyl 
carbodiimide, with ethyl 3-hydroxy-'2-methyIpropionate 3.10 to yield the phosphonate mixed 
diester 3.11. 

Using this procedure, but employing, in place of ethyl 3-hydroxy-2-methylpropionate 3.10, 
different hydroxyesters 3.1, the corresponding products 3.2 are obtained. 
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The conversion of a phospbonate monoester 1»1 into a mixed diester 3^ is also acconq)Iished 
by means of a ^fitsonobu coupling reaction with the bydroxyester 3.1, as described in Org. 
Lett.» 2Q0U 643. In this method^ the reactants 1*1 and 3.1 are combined in a polar solvent 
such as tetrahydrofuran» in the presence of a triary^hosphine and a dialkyi azodicarboxylate» 
to give the mixed diester 3.2. The substituent is varied by cleavage, using the methods 
described previously^ to afford the monoacid product 33. The product is then coupled, for 
. example using methods described above, with the hydroxy compound R^OH, to give the 
diester product 3.4. 

The procedure is illustrated in Scheme 3, Quunple 2. In this method, a monoaUyl phosphonate 
3.12 is coupled in tetrahydrofiiran solution, in the presence of trq)henylphosphhie and 
dieth^azodkarboxylate, with ethyl lactate 3,13 to give the mixed diester 3 J4. The product is 
reacted with tris(triphenylphosphme) rhodium cUoride (Wilkinson catalyst) in acetonitrile, as 
. described previously, to remove the allyl group and produce the monoacid product 3.15. The 
latter confound is th^ coupled, in pyridine solution at ambient tenq>erature, in the presence 
of dicyclohexyl carbodinnide, with one molar equivalent of 3-hydroxypyridme 3»16 to yield the 
maed diester 3.17. 

Usmg the above procedures, but employing, in place of the ethyl lactate 3.13 or 3- 
hydroxypyridine, a dififerent hydroiQ^ester 3.1 and/or a different hydroxy conq)ound R^OH, the 
corresponding products 3.4 are obtained. 

The mixed diesters 3.2 are also obtained from the monoesters 1.1 via the intermediacy of the 
activated monoesters 3.5. In this procedure, the monoester 1.1 is converted into the activated 
compound 3.5 by reaction with, for exanqple, phosphorus poitacUoride, as described in J. 
Org. ChenoL, 2001, 66, 329, or with thionyl chloride or oxalyl ebbtide (Lv = Q), or with 
triisopropylbenzenesulfonyl chloride in pyridine, as described in Nucleosides and Nucleotides, 
2000, 19, 1885, or with carbonyl diinndazole, as described in J. Med. Qiem., 2002, 45, 1284. 
The resultant activated monoester is then reacted with the bydroxyester 3.1, as described 
above, to yield the mbced diester 3.2. 

The procedure is illustrated in Scheme 3, Example 3. In this sequence, a monophenyl 
phosphonate 3.9 is reacted, in acetonitrile solution at TO'^C, with ten equivalents of thioi^rl 
chloride, so as to produce the phosphoryl chloride 3.19. The product is then reacted with 
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ethyl 4-caibaino^-2-faydroxybutyrate 3.20 in dicMoromethane containing triethylainine» to 
give the mixed diesto: 3.21. 

Using the above procedures, but en^loying, in place of ethji 4-caibamoyI-2-hydroxybutyiate 
3.201 different bydrox/esters 3.1, the corresponding products 3.2 are obtained. 

The mixed phospbonate diesters are also obtained by an alternative route for incorporation of 
the R^O group into intermediates 3.3 in which the hydroxyester xnoi^ is afaready 
incorporated In this procedure, the monoacid intermediate 3.3 is converted into the activated 
derivative 3.6 in which Lv is a leaving.group such as chloro, imidazole, and the like, as 
previously described. The activated int^mediate is then reacted with the hydro^ coiq)ound 
R^OH, in the presence of a base, to yield the mixed diester product 3.4. 

The method is illustrated ia Scheme 3, Exanq>Ie 4. In this sequence, the jrfiosphonate 
monoacid 3.22 is reacted with trichloromethanesuMbnyl chloride in tetrabydrofijoran containing 
collidine, as described in J. Med Chem., 1995, 38, 4648, to produce the 
trichloron^thanesulfonytoxy product 3.23. This compound is reacted with 3- 
(niorpho]inoniethyl)pbenol 3J2A in dichloromethane containing trietfaylamine, to yield the 
mixed diester product 3^, 

Using the above procedures, but employing, in place of with 3-(morpholinomethyl)phenol 
3.24, different carbinols R^OH, the corresponding products 3.4 are obtained 

The phosphonate esters 3.4 are also obtained by means of alkylation reactions performed on 
the monoest^s 1.1. The reaction between the monoacid 1.1 and the habesta: 3.7 is 
p^ormed in a polar solvrat in the prince of a base such as diisopropyleti^lamine, as 
described in AnaL Chem., 1987, 59, 1056, or triethykmine, as described in J. Med Chem., 
1995, 38, 1372, or in a non-polar solvit such as b^izene, in the presence of 18-crown-6, as 
described in Syn. Comm., 1995, 25, 3565. 

The method is illustrated in Scheme 3, Example 5. In this procedure, the monoacid 3.26 is 
reacted with ethyl 2-bronK)-3-phenylpropionate 3.27 and diisopropylethylamine in 
dimethylformamide at SO^'C to afford the mixed diester product 3.28. 
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Using the above procedure, but eii5)loying, in place of ethyl 2-hroiDo-3-phenylpropionate 

* 

3.27, different haloesters 3.7, the corresponding products 3.4 are obtained. 
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Scheme 4 illustrates methods for the preparation of phosphonate dfesters in which both the 
ester substituents incorporate carboalkoxy groups. 

The conq>ounds are prepared directly or indirectly from the pbosphonic adds 1,6. In one 
alternative, the ptospbonic acid is coupled with the bydroxyester 4.2» using the conditions 
described previous^ in Schemes 1-3, such as coupling reactions using dicyclohexyl 
carbodiimide or similar reagents, or under the conditions of the Mitsonobu reaction, to afford 
the diester product 4.3 in which the ester substituents are identical 

This method is iUustrated in Scheme 4, Exan^le 1. In this procedure, the ptosphonic acid 1.6 
is reacted with three molar equivalents of butyl lactate 4*5 in the presence of Aldrithiol-2 and 
triphenyl phosphine in pyridine at ca. TCC, to afford the diester 4j6. 
Using the above procedure, but en^Ioying, in place of butyl lactate 4.5, different 
hydroxyesters 4.2, the corresponding products 4.3 are obtained. 

Alternatively, the diesters 4.3 are obtained by aSg^lation of the phosphonic acid 1.6 with a 
baloester 4.1. The alleviation reaction is performed as described in Scheme 3 for the 
preparation of the esters 3.4. 



wo 2004/096818 PCT/EP2OO3/012423 

123 

This method is illustrated in Scheme 4, Exanq)]^ 2. In this procedure, the phosphonic acid 1.6 
is reacted with excess ethyl 3-bronio-2-methylpropionate 4.7 and diisopropylethylainine in 
dimethylformamide at ca. 80"C, as described in AnaL Chem., 1987, 59, 1056, to produce the 
diester 4.8. 

* 

Uang the above procedure, but «i5)toying, m place of ethyi 3-broino-2-methylpropionate 4.7, 
dififerent baloestos 4.1, the coneq>oiiding {ooducts A3 are obtained. 

are also obtained by displacement reactions of activated derivatives 1«7 of the 
phosphonic acid with the hydroxyesters 42. The displacement reaction is performed in a polar 
solvent in the presence of a suitable base, as described in Scheme 3. The displacement 
reaction is performed in the presence of an excess of die hydroxyester. to afford the diester 
product 4.3 in which the ester substituents are identical, or sequentially with limited amounts 
of different hydroxyesters, to prepare diesters 43 in which the esiesc substituents are different 

m 

The methods are ilhistraled in Scheme 4, Exan^^les 3 and 4. As shown in Example 3. the . 
phoi^horyl dichloride 2.22 is reacted with three molar equivalents of ethyl 3-hydroxy-2- 
(hydrojg'methyOpropionate 4.9 in tetrahydroiuran containing potasshnn carbonate, to obtain 
the diester product 4.10. 

Using the above procedure, but empbying, in place of ethyl 3-hydro;Qr-2- 
(hydroxymethyl)propionate 4.9, diflferent hydroxyesta^ 4w2, the corresponding products 43 
are obtained. 

Scheme 4, Exaiiq>le 4 depicts the displacement reaction between equimolar amounts of the 
phosphoryl dicUoiide 2^22 and ethyl 2-methyi-3-hydroxypropionate 4.11, to yield die 
monoester product 4.12. The reaction is conducted in acetonitrile at 70^ in the presence of 
diisopropyletbylamine. The product 4.12 is dien reacted, under the same conditions, with one 
molar equivalent of ethyl lactate 4.13, to give the diester product 4.14. 
Using the above procedures, but enyloying, in place of ethyl 2-.methyl-3-liydro3Qpropionate 
4.11 and ethyl lactate 4.13, sequential reactions with dififer»t hydro^esters 42, the 
coiresponding products 43 are obtained. 
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Aryl halides undergo Ni catalyzed reaction with phosphite derivatives to give aryl 
phosphonate containing conipounds (Balthazar, et al (1980) J. Org. Chem, 45:5425). 
Phosphonates may also be prepared from the cUorophosphonate in the presrace of a 
palladium catalyst using aromatic triflates (Petrakis, et al, (1987) J. Anu Chem. iSw.l 09:2831; 
Lu, et al, (1987) SynthesiSj 726). In another method, aiyl phosphonate esters are prepared 
from aryl phosphates under anionic rearrangement conditions (Mehdn (1981) Tetrahedron 
Lett. 22:3375; Casteel, et al. (1991) Synthesis, 691). N-Alkoxy aryl salts with alkali metal 
derivatives of cyclic alkyl phosphonate provide general synthesis for heteroaryl-2-phosphonate 
linkers (Redmore (1970) 7. Org. Chem. 35:4114). These above mentioned methods can also 
be extended to conqjounds where the W' group is a heterocycle. CycIic-l,3-propanyl 
prodrugs of phosphonates are also synthesized from phosphonic diadds and substituted 
propane-l,3-diols using a coupling reagent such as 1,3-dicyclohexykarbodiimide (DCC) in 
presence of a base (e.g., pyridine). Other carbodiimide based coupling agents like 1,3- 
disopropylcarboditmide or water soluble reag^t, l-(3-dimethy]aminopropyI)-3- 
ethylcarbodiimide hydrochloride (EDO) can also be utilized for the synthe^ of cyclic 
phosphonate prodrugs. 

The carbamo)^ ff^^? ™ay be formed by reaction of a hydroxy group according to the 
methods known in the art, including the teadnngs of EDis, US 2002A)103378 Al and Hajima, 
US Patent No. 6018049. 

Generally, the reaction conditions such as temperature, reaction tune, solvents, work* 
up procedures, and the like, will be those common in the art for ih& particular reaction to be 
performed. The cited reference material, together with material cited th^^ contains detailed 
descriptions of such conditions. Typically the ten^eratures wiH be ^lOp't: to 2(X)**C, solvents 
will be aprotic or protic, and reaction times will be 10 seconds to 10 days. Work-up typicaify 
consists of quenching any unreacted reagents foQowed by partition between a water/organic 

■ 

layer system (extraction) and separating the layer containing the product. 

Oxidation and reduction reactions are typically carried out at temperatures near room 
ten^erature (about 20''Q, although for metal hydride reductk>ns frequently the temperature is 
reduced to O^C to -100^, solvents are typically aprotic for reductions and may be eith^ 
protic or aprotic for oxidations. Reaction times are adjusted to achieve desired conversions. 

Condensation reactions are typically carried out at temperatures near room 
temperature, although for non-equilibrating, kinetically controlled cond^isations reduced 
temperatures (O^C to -lOO^C) are also conmion. Solvents can be eithra: protic (common in 
equilibrating reactions) or aprotic (common in kinetically controDed reactions). 
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Standard synthetic techniques such as azeotropic ratnoval of reaction by-products and 
use of anhydrous reaction conditions (e.g. mert gas environments) are conuson in the art and 
win be appiod when applicable. 

General synthetb routes to substituted imidazoles are well established. See Ogata M 
(1988) Annals of the New York Academy of Sciences 544:12-31; TakahasW et al (1985) 
Hetewcycles 23:6, 1483-1492; Ogata et al (1980) CHEM IND LONDON 2:5-S6; Yanagisawa 
et al US Patent No. 5646171; Rachwal et al US 2002/0115693 Al; Carlson et al US Patent 
Nos. 3790593; 3761491 and 3773781; Aono et al US Patent No. 6054591; Hajuna et al US 
Patent No. 6057448; Sugimoto et al EP 00552060 and US Patent No. 5326780. 

Amino alkyl phospbonate conqpounds 809: 



are a generic representative of conqiounds 811, 813, 814, 816 and 818 (Scheme 2). The 
alkylene chain may be any length from 1 to 18 methylene groiq>s (n = 1-18). Commercial 
amino phosphonic acid 810 was protected as carbamate 811, The phosphonic acid 811 was 
converted to phosphonate 812 upon treatment with ROH in the presence of DCC or other 
conventional coupling reagents. Coupling of phosphonic add 811 with esters of amino acid 
820 provided bisainidate 817. Conversion of acid 811 to bispbenyl phosphonate followed by 
hydrolysis gave mono-pho^faonic acid 814 (Cbz = C^ll^^MiCiO)-), which was ihoQ 
transformed to mono-phosphonic amidate 815. Carbamates 813, 816 and 818 were converted 



to their corresponding amines upon hydrogenation. Confounds 811, 813, 814, 816 and 818 
are useful intennediates to foim the phosphonate con]{>ounds of the invention. 




O 
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Scheme 2 
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Following the similar procedures, replacemept of anuno acid esters 820 with lactates 
821 (Scheme 3) provides mono-phosphonic lactates 823. Lactates 823 are useful 
intermediates to form the phosphonate confounds of the invention. 
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Examples General Sectinq 

The following Exaniples refer to the Schemes. Some Exanq>les have been porfonned 
mult^Ie times. In repeated Exanqples, reaction conditions such as time, ten^emture, 
concentration and the like, and yields were within normal experimental ranges. In repeated 
Exanq[)les where significant modifications were made, these have been noted where the results 
varied significantly from those described In Examples where different starting materials were 
used, these are noted. When the repeated Examples refer to a '^corresponding" analog of a 
conq)ound, such as a "conesponding ethyl est^", this intends that an otherwise present group, 
in this case typically a methyl ester, is taken to be the same group modified as indicated. 

Example 1 

To a solution of 2-amiiK)etbyli^sphonic acid (810 where n =2, 1.26 g, 10.1 mmol) in 
2N NaOH (10. 1 mL, 20.2 mmol) was added benzyl cMorofonnate (1.7 mU 12.1 mmol). See 
Schemes. After the reaction nuxtore was stirred for 2 d at n>om tenopeni^ 
was partitioned between Et20 and wat^. The aqueous phase was acidified with 6N HQ until 
pH s 2. The resulting colorless soHd was dissolved in MeOH (75 mL) and treated with 
Dowex 50WX8-200 (7 g). After the mixture was sttoed for 30 minutes» it was filtered and 
evaporated under reduced pressure to give carbamate 28 (2.37 g, 91%) as a cobrless solid. 

To a solution of carbamate 28 (2.3S g, 9.1 xamoJ) in pyridine (40 mL) was added 
phenol (8»53 g, 90.6 mmol) and 1,3-dicyclohexylcarbodiimide (7.47 g, 36.2 mmol). After the 
reaction mixture was warmed to 70^C and stirred for 5 h, the mixture was diluted with 
CH3CN and filtered. The filtrate was concentrated und^ reduced pressure and diluted with 
EtOAc. The organic phase was washed with sat. NHiCl, sat. NaHCOs, and brine, then dried 
over Na2S04, filtered, and evirated under reduced pressure. The cmde product was 
chromatogr^hed on silica gd twice (ehiting 40-60% EtOAc/hexane) to give phosphonate 29 
(2. 13 g, 57%) as a cotorkss solid. 

To a solutbn of phosphonate 29 (262 mg, 0.637 mmol) in iPcOH (S mL) was added 
TFA (0.05 mU 0.637 mmol) and 10% Pd/C (26 mg). After the reaction mixture was stined 
under H2 atmosphere (balloon) for 1 h, the mixture was filtered through Celite. The filtrate 

* 

was evapomted under reduced pressure to give amine 30 (249 mg, 100%) as a colorless oil 
(Scheme 5). 

Following the similar procedures, replacement of ammo acid esters with lactates 
(Scheme 6) provided mono-phosphonic lactates, e.g. 823. 
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Scheipe 6 



CbzHN 




Treatment of akx>hol 801 (prepared according to Uteratore) wit^ 
afforded chloride 802 (Scheme 7). CMoride 802 was converted to compound 803 by reacting 
with 809, which preparation is detailed in Schemes 3 and 4, in the presence of base. When 
mesylate 802 was treated with NaCN, imidazole nitrile 804 was provided. Reduction of 804 
with DIB AL followed by NaBHt yielded imidazole alcohol 806. Repeating the same 
procedure several times furnished alcohol 807 with the desired length. Hydrolysis of 
imidazole nitrile 804 provided add 805. Couplingof add 805 in the presence of conventional 
reagents afforded the amide 808. Phosphorus coiqK>und 807' was produced by transforming 
alcohol 807 to its coire^nding noesylate followed by treating with amiae 809. 
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Scheme 7 




Alcohol 825 was converted to bromide 826 by first transformed to its mesylate and 
then treated with NaBr, this conversbn was also realized by reacting alcohol 825 with PbJ? 
and CBr4 (Schrane 8). Upon treatmg with P(0R)3» phosphonate 827 was produced Esters 

« 

was then removed to form ackt, and following the shnflar procedure described in Scheme 2 
and 3, desired phosphonate» bisphosphoamkiate, mono-phosphoamidate, and 
monophospholactate were produced. 
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Schemes 




829 



In Scheme 9» alcohol 830 was converted to carbonate 831 by reacting with either p- 
nitropbenyl chbroformate or p-nitrophenyl carboxy anhyride. Treatment of carbonate 831 . 
with amine 809 in the presence of suitable base afibrded desired phoq)honate compounds 832. 
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Scheme 9 




Phosphorus con^und 838 was produced according to the procedures described in 
Scheme 10. Replacement of chloride group in conq>Dund 833 with azide folbwed by 
reduction with trq>hanyIphosphine provided amine 834. Replacement of chloride group in 
con^und 833 with cyanide^ e.g. sodium cyanide, provided amine 835. Reduction of nitrile 
835 fiiroished amine 836. Reaction of amines, e.g. 834 or 836, with triflate 841 in the 
presence of a base afforded phosphonate 837. Removal of benzyl group of 837 gave its 
corresponding pbosphonic acid, e.g. 838 where Ri = H, which was converted to various 
phosphorus conq)Ounds according to the procedure described in the previous Schemes. 
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1) NaNs 

2) Ph3P 





834 



Bn 
Bn 



841 




837 




reduction 




835 



836 



Phosphorus compound 840 was produced in a similar way as described in Scheme 10 
except by replacing amines with alcohols 801, or generally, 807 (Scheme 1 1). 
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Scheme 1 1 




Phosphorus coiq)ouiid 848 was synthesized according to procedures described in 
Schen^ 12. lodoinudazole 842 was converted to imidazole phenyl thioether 843 by reacting 
with LiH and substituted phenyl disulfide (Scheme 12). Treatment of imidazole with NaH land 

« 

4-picolyl chloride gave imidazole 844. Benzyl and methyl groups were removed by treating 
with strong acid to provide alcohol 845. Conversion of phenol 845 to phosphonate 846 was 
accomplished by reacting phenol 845 with triflate 841 in the presence of base. Akohol 846 
was reacting with trichloroacetyl isocyanate followed by treatment of alumina afforded 
carbamate 847. Phosphonate 847 was transformed to aD kmds of phosphorus oon;>ound 848 
folk) wed the procedure described for 838 in Scheme 10. 
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842 843 




1) Cl3CCX>NCO 

2) Ai203 




848 

■ 

Phosphorus confound 854 was prepared as shown in Scheme 13. Imidazole 849 
(prepared according to US Patent Nos. 5910506 and 6057448} was converted to 850 by 
reacting with chlorkie in the presence of base* B^izyl and mett^l groups were removed by 
treating ether 850 with strong protonic or Lewis acid to famish phenol 851. Treatment of 
phenol 851 with base followed by triflate 841 gave phosphonate 852. Following snnilar 
procedures descnbed in Scheme 12 transforming alcohol 846 to phosphorus compound 848, 
alcohol 852 was converted to phosphorus confound 954. 
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Scheme 13 




X = N, CH 



Preparation of phosphorus conpound 861 is shown in Scheme 14. Imidazole 855 was 
synthesized by treating coixq)omid 842 with NaH foDowed by allyl lnx>mide* Hydroboration 
followed by oxidative work up gave alcohol 856. OzoiM>lysis foOowed by reduction of the 
resulting aldehyde afforded alcohol 857. Alcohol 858, which has variatbn of length, was 
oteained by following the same transformation of alcohol 806 to 807 as exfaitnted in Scheme 7. 
Mitsunobu reaction of alcohol 859 with substituted phenols gave imidazole 860. Phenol ether 
860 was converted to phosphonate 861 by foDowing same procedure of transforming 
compound 850 to 854 as described in Scheme 13. 
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859 860 861 



Id Scheme 15, preparation of phosphorus confounds 864 is shown. Alcohol 858 was 
converted to mesylate 862 by reacting with MsCL Removal of benzyl group, followed 
conversion of the resultant alcohol to the corresponding carbamate (described in previous 
Schemes) fiimished confound 863* Substitution of n^esylate with amine 809 generated 
phosphorus conqiound 864. 
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863 864 

Synthesis of phosphorus conq[)OiiiKl 866 is des^ Protection of 

alcohol 858 to its acetate 865» followed by the conversioD of the benzyl, — OBn group to the 
corresponding carbamate as described for transforming compound 862 to 863 m Scheme 1S» 
gave compound 865. Hydrolysis of acetate, and treatment of the resultant alcohol with triflate 
841 in the presence of base afforded phosphonate 866. 




858 86S 841 866 



Scheme 17 describes synthesis of phosphorus conq>ound 672. Mesylate 862 was 
transformed to bromide 867 by reacting with NaBr. Aibusov reaction gave pho^bonate 868. 
Both b^izyl and ethyl groups were cleaved when treated with TMSBr to yield conq)ound 869. 
Coupling of pfaosphonic acid 869 with PbOH provided bisphenyl phosphonate 670. 
Compound 670 was convaled to various phosphorus conq>ounds 671 according to the 
procedures described in Schemes U 2 and 3* Phosphorus compound 672 was obtained by 
repeating the procedures shown before. 



Spheme 17 
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16 



To a solution of alcohol 15 (42 mg, 0.10 nanoX) in CH2C12 (5 mL) was added 
trietbylamine (24 pL» 0.17 mmol) and bis(4-mtrophenyl) carbonate (46 mgy OAS masol). See 
Scheme 18. After the reaction nrixture was stirred for 4 h at room temperature, the mixture 
was partitioned between CH2CI2 and water. The organic phase was dried ov^ Na2S04, 
filtered, and evaporated under reduced pressure. The crude product was cbromatograpbed on 
. silica gel (eluting 60-70% EtOAc/hexane) to give carbonic acid S-(3,SKikhloro- 
phenylsu]fany]}-4-]sopropyl-l-pyridin-4-y]methyl-lH-i^ ester 4-nitro-phenyl 

ester 16 (47 mg, 82%) as a colorless oil 

Exan^ile 1 1 A 




17 



To a solution of carbonate 16 (14 mg, 0.024 nunol) in CH3CN (2 mL) was added 
diethyXannnoniethyl)jphosphonate (10 mg, 0.037 mmol) and diisopropylethylamine (8 pL, 
0.048 mmol). See Schemoe 18. Aft^ the reaction mixture was stined for 16 h at room 
ten^erature^the mixture was concentrated under reduced pressure. The residue was purified 
by preparative thin lay^ chromatogrsphy (eluting 5% MeOH/CH2Cl2) to give {[5-(3,S- 
did3]oro-phenylsulfiwy])-4-isopropyl-l-pyridin-4-yhneA^^ 

ylmethoxycaibonylan]ino]-methyl)-phosphonic add diethyl ester 17 (13 mg» 90%) as a pale 
yellow oil *H NMR (300 MHz, CDQa) 6 8.44 (d. 2H), 7.04 (t, IH), 6.78 (d, 2H), 6.68 (d, 
2H), 5.25 (s, 2H), 5.19 (s. 2H), 4.98 (bt, IH). 4.11 (dq, 4H), 3.49 (ABq, 2H), 3.17 (dq, IH). 
1.30 (m, 12H). ^^P NMR (300 MHz, CDCh) 5 21.9. 
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To a solution of carbonate 16 (82 ing» 0.143 nrniol) in CH3CN (5 vcL) was added 
diethyI(aziunoethyl)phosphonate (S8 mg, 0.214 nomol) and diisopropylethylamine (O.OS mU 
0.286 nunol). See Scheme 20. After the reaction mixture was stirred for 16.h at room 
ten;)erature, the mixture was concentrated und^ reduced pressure* The residue was 
cfaromatographed on silm gd (eluting S-7.S% MeOH/CHaCfe) to give {2-[S-(3»5-DicbIon)- 
phenylsul£my])-4-isopropyl-l-pyiidin-4-y]methyl-lH-imi^ 

etbyl}*pbosphonic add diethyl ester 18 (79 mg, 90%) as a pale yellow oil NMR (300 
MHz, CaXls) 5 8.43 (d, 2H), 7.02 (s, IH), 6.77 (d. 2H), 6.67 (s, 2H), 5.32 (t, IH), 5.24 (s, 
2H), 5.16 (s. 2H), 4.08 (m, 4H), 3.35 (m, 2H), 3.15 (m, IH), 1.86 (m, 2H), 1.30 (m, 6H), 
1.29 (s, 6H). ^^P NMR (300 MHz. CDCb) 5 31.5. 

Scheme 19 
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23 



To a solution of 3-anmiopropy]phosphonic acid 19 (SOO g, 3.59 mznol) in 2N NaOH 
(3.6 xhU 7-19 nmooO was added benzyl cbk>rofonnate (0.62 mL» 4.31 mmoO according to 
Scheme 19. Afi^ the reaction mixture was stined for 16 hours at room temperature, the 
muctuTc was partitioned between Et20 and water. The aqueous phase was acidified with 6N 
HQ until pH = 2. The resulting cobrlesi solid was dissolved m MeOH (75 mL) and treated 
with Dowex SOWX8-200 (2.5 g). the mixture was stinted for 30 mhiutes^ was filt^ 
and evaporated und^ reduced pressure to give carbamate 20 (880 mg, 90%) as a colorless 
soHd. 

To a solution of carbamate 20 (246 rog, 0.90 mmol) in benzene (S idL) was added 1,8- 
diazabicyclo[5.4.0]undec-7-ene phenol (0.27 ihL, 1.8 mmol) and iodoethane (0J22 mL, 2.7 
mmol). Aft^ the reaction mixture was warmed to 60^C and stirred for 16 li, the mixture was 
concentrated under reduced pressure and partitioned between EtOAc and sat. NH4CL The 







•3 





phosphonate 21 (56 mg, 19%) as a colorless oiL 

To a solution of phosphonate 21 (56 ing, 0.17 mmol) in EtOH (3 mL) was added TFA 
(13 |iL« 0.17 mmol) and 10% Pd/C (1 1 n^). Aft^ the reaction mbcture was stined under Ez 
atmosphere (balloon) for 1 h, the mixture was filtered through Celite. The filtrate was 
evq>orated under reduced pressure to give amine 22 (52 mg, 99%) as a colorless oil 
To a solution of carbonate 16 (15 mg, 0.026 mmol) in CH3CN (2 mL) was added 
diethyl(aminopropyl)phosphonate (16 mg, 0.052 mmol) and diisopropylethylanune (11 pL^ 
0.065 mmol). After the reaction mixture was stirred foi 16 h at room temperature, the 
mixture was concentrated under reduced pressure. The residue was purified by preparative 
thin layer chromatogr^hy (eluting 5% MeOH/CHzCJz) to give {3-[5-(3,5-dichloro- 
phenylsulEEmyl>4-isopropyl- 1 ■'pyridin-4-yhnethyl- lH-imidazol-2-ylmethoxycarbonyIaniino]- 
propyll-phosphonic acid diethyl ester 23 (13 mg, 79%) as a pale yellow oil. NMR (300 
MHz, CDQa) 8 8.44 (d. 2H), 7.04 (t, IH), 6.80 (d, 2H), 6.68 (d, 2H), 5.26 (s, 2H), 5.18 (s. 
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2H), 5.08 (bt, IH), 4.08 (in, 4H), 3.15 (m, 3H), L72 (m. 4H), L31 (m. 12H). '^PNMR (3C 
MHz,CDa3)5 31.5. 

Scheme 20 




KYfltn ple 12A 




24 



To a solution of anainomethylphospbomc add (8 mg, Oi)73 mmol) in water (1 mL) 
was added IN NaOH (0.15 mL, 0.15 xmoV) and carbonate 16 (21 tog, a037 nnnbO in 
dioxane (1 mL). See Scheme 20* After the reaction mixture was stirred for 6 h at room 
temperature, the mixture was concentrated under reduced pressure. The residue was purified 
by HPLC on C18 reverse phase chromatography (eluting 30% CHaCN/water) to give a 
mixture of phosphonic add 24 and alcohol 15. The mixture was further purified by 
preparative thin layer chromatography (eluting 7.5% McOHJCHiCk) to give {[5-(3,5- 
dichtoro-phenylsulfenyl)-4-isopropyl-l-pyridin-4-y^ 

amino]-methyl) -phosphonic acid 24 (8 mg, 40%) as a colorless solid. 'H NMR (300 MHz, 
CD3OD) 5 8,33 (bs, 2H), 7.10 (t, IH), 7.04 (bs, (2H), 6.72 (d, 2H). 5.44 (s, 2H), 5.25 (s, 2H), 
3.24 (m, 2H), 3.17 (m, IH). L28 (d, 6H). 




To a sohition of 2-aiDmoethylpbosphoiuc acid (12 mg, 0.098 nunol) in water (1 mL) 
was added IN NaOH (0.2 idL» 0.20 mmol) and carbonate 16 (28 mg, 0.049 mmol) in dioxane 
(ImL). See Scheme 20. After the reaction inbtture was stin^ for 6 h at room ten^eniture, 
the mbctnre was concentrated under reduced pressure. The residue was purified by HPLC on 
CI 8 reverse phase chromatograplqr (elating 30% CHaCN/water) to give a mbcture of 
pbosphonic acid 25 and alcohol 15. The mbcture was further purified by preparative thin I^er 
chromatography (eluting 7.5% MeOH/CHzClz) to give {2-[S-(3»5-dichloro-pheny]sulfanyl)-4- 
isopropyl-l-pyridin-4-yhnethyi-lH-imida2ol-2-yImethoxycarbonylamm 

• • • 

acid 25 (13 mg, 47%) as a colorkss solid. NMR (300 MHz, CD3OD) 5 8.32 (d, 2H), 7.1 1 

* 

(s, IH), 7.02 (d, 2H), 6.72 (s, 2H), 5.42 (s, 2H), 5.23 (s. 2H), 3.30 (m, 2H), 3.17 (m, IH), 
1.71 (m, 2H), 1.28 (d, 6H). ^'P NMR (300 MHz, CD3OD) 5 20.1. 

Bcamnle 12C 




To a solution of 3-aminopropylphospbonic acid (12 mg» 0.084 mmol) in water (1 mL) 
was added IN NaOH (0.17 mL, 0.17 mmol) and carbonate 16 (24 mg, 0.042 mmol) in 
dioxane (1 mL). See Schenoe 20. After the reaction mixture was stirred for 6 h at room 
ten^erature, the mixture was concentrated under reduced pressure. The residue was purified 
by HPLC on CIS reverse phase chromatography (eluting 30% CHaCN/water) to give a 
mixture of phospbonic acid 26 and alcohol 15. The mbcture was further purified by 
preparative thin layer chromatography (eluting 7.5% MeOH/CHzCk) to give {3-[5-(3,5- 
dicUoro-phenylsulfanyl)-4-isojffopyl-l-pyridin-4-ylmethyl-lH-imidazot 
vlmethoxvcarhonvlaminol-nroDvll-DhosDhonic acid 26 fl 1 me. 46%^ as a colorless solid. 'H 
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NMR (300 MHz, CD3OD) 5 8.34 (bs, 2H), 7.11 (s, IH), 7.02 (bs, 2H), 6.73 (d, 2H), 5.43 (s, 
2H). 5.23 (s, 2H), 3.32 (m, IH), 3.06 (bs, 2H), 1.69 (bs, 2H), 1.50 (bs, 2H), 1.28 (d, 6H). 



Scheme 21 
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31 
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To a solution of 2-anmioetli}dphosphomc add (1.26 g, 10.1 mmol) in 2N NaDH (10.1 
xsiLy 20.2 nunol) was added benzyl cMoxofonnate (1.7 mU 12.1 mmoQ. See Scheme 21. 
After the reaction mixture was stirred for 2 d at room ten^rature, the mixture was 
partitioned between EtzO and water. The aqueous phase was acidified with 6N HQ until pH 
= 2. The resulting colorkss solid was dissolved in MeOH (75 mL) and treated with Dowex 
50WX8-200 (7 g). After the mixture was stirred for 30 minutes, it was iBltered and 
evaporated under reduced pressure to give carbamate 28 (2.37 g, 91%) as a colorless solid. 

To a solution of carbamate 28 (2.35 g, 9.1 mmol) in pyridine (40 mL) was added 
phenol (8.53 g, 90.6 mmol) and 1,3-dicyclohexylcarbodiimide (7.47 g, 36.2 mmol). After the 
reaction mixture was warmed to 70^C and stirred for 5 h, the mixture was diluted with 
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CH3CN and filtered. The filtrate was concentrated under reduced pressure and diluted with 
EtOAc. The organic phase was washed with sat. NH4CI sat. NaHCO^, and brine, then dried 
over Na2S04, filtered, and evaporated under reduced pressure. The crude product was 
cfaromatographed on silica gel twice (elutmg 40-60% EtOAc/hexane) to give phosphonate 29 
(2.13 g, 57%) as a colorless solid. 

To a solution of phosphonate 29 (262 mg, 0.637 mmol) in isopropanol (iPrOH) (5 mL) 
was added TFA (0.05 mL, 0.637 mmol) and 10% Pd/C (26 mg). After the reaction mixtuie 
was stirred under H2 atmosphere (baUoon) for 1 h, the mixture was filtered through Celite. 
The filtrate was evaporated under reduced pressure to give amine 30 (249 mg, 100%) as a 
colorless oil. 

To a sohition of carbonate 16 (40 mg, 0.070 nmol) and amme 30 (82 mg, 0.21 mmol) 
in CH3CN (5 mL) was added diisopropylethylamine (0.05 mL, 0.28 mmol). After the reaction 
mixture was stirred for 2 h at room temperature, the mixture was concentrated under reduced 
pressure. The resklue was chromatographed on silica gel (eluting 3-4% McOWCSkCk) to 
give {2-[S-(3,SHlKbtoio-phenylsu]&myl)-4-isopropyl-l-pyiidSn-4^^ 
y]m^hoxycarix>ii^an]iiK>]-ethyl}-plK>spto acid diphenjd ester 31 (36 sag, 72%) as a 
cotorkss oil 'H NMR (300 MHz, CDCb) 5 837 (d, 2H), 7.22 (m. 4H), 7.14 (m, 2H), 7.10 
(m, 2H), 6.99 (t, IH), 6.72 (d, 2H), 6.62 (d. 2H), 5.30 (bt. IH), 5.18 (s. 2H). 5.13 (s. 2H), 
3.50 (m, 2H), 3.12 (ra, IH), 2.21 (m, 2H), 1.26 (d, 6H). ''P NMR (300 MHz, CDQa) 6 22.4. 
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To a solution of phosphonate 31 (11 mg» 0.015 mrtiol) in CH3CN (0.5 niL) was added 

IN UOH (46 fiL, 0.046 imnol) at O^'C. See Scheme 21. After the reaction mixture was 

stirred for 2 h at 0X» Dowex 50WX8-200 (26 mg) was added and stirring was continued for 

an additional 30 min. The reaction mixture was filtered, rinsed with CH3CN, and concentrated 

« 

under reduced pressure to give {2-[S-(3^didik>ro-pheDylsulfanyl)-4-isopropyl-l-pyiidin-4- 
yV iM»thyl- 1 H-imidazol-2-yliiiethQxycarix>nylainino]-ethyl} -phosphonic acM monophoi^ ester 
32 (10 mg. 100%) as a colorless oil 'H NMR (300 MHz. dbOD) 5 8^2 (d. 2H). 7.28 (tn. 
6H), 6.79 (m, 4H), 5.60 (s, 2H), 5.29 (s, 2H), 3.29 (m, 3H), 1.83 (m, 2H), 1.31 (d, 6H). "P 
NMR (300 MHz, CPsOD) 5 20.2. 
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36 



To a solution of S-inethoxybeozenethk)] (0.88 mU 7.13 mmol) in CH3CN (15 mL) was 
added sodium iodide (214 mg, 1.43 mmol) and ferric chbride (232 rog, 1.43 mmoO. See 

Scheme 22. After the reaction mixture was warmed to 60°C and stirred for 3 d, the mixture 
was concentrated under reduced pressure and partitioned between CH2CI2 and water. The 
organic phase was dried over Na2S04» filtered, and evaporated und^ reduced pressure. The 
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crude product was chromatographed on siUca gel (eliiting 5-6% EtOAc/bexaoe) to give 
disulfide 34 (851 mg, 86%) as a yellow oil To a solution of disuffide 34 (850 mg, 3.05 mmol) 
in DMSO (10 mL) was added iodide 35, also denoted previously as con9)Ound 842, (1.21 g, 
3.39 mmol) and lithium hydride (32 mg, 4.07 mmol). After the reaction mixture was warmed 
to 60°C and stirred for 16 h» the mixture was partitioned between EtOAc and water. The 
organic phase was washed with brine» dried over Na2S04, filtered, and evaporated under 
reduced pressure. The crude product was chromatographed on silica gel (eluting 30-50% 
EtOAc/hexane) to give 2-benzyloxymetbyl-4-isopropy]-5-(3-methoxy-phenylsulfany^lH- 
imidazole 36 (247 mg, 22%) as a yellow oil 

Example 16 



To a solution of sulfide 36 (247 mg, 0.67 mmol) in THF (10 mL) was added 4- 
pkolylchloride (220 nig, 134 mmolO^ powder NaOH (59 mg, 1.47 mmol), lithium iodide (44 
mg, 0.33 mmol), and tetrabutylammoniumbronyde (22 0.067 mmol). See Scheme 22.. 
After the reaction mixture was stirred for 2 d at room temperature, the mixture was 
partitioned betwe^ EtOAc and sat NH4CI The organic phase was dried over Na2S04, 
filtered, and evaporated under reduced pressure. The crude {nroduct was chromatographed on 
silica gel (eluting 60-l(X)% EtOAc/hexane) to give 4-[2-benzylbxymethyl-4-isopropyi-5-(3- 
methoxy-pheiiy]sulfanyl)-iniidazol-l-ylmethyl]-p]fr]dine 37 (201 mg, 65%) as a yellow oil 




37 
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To a sokrtioii of amine 37 (101 rag, 0.220 nunol) in EtOH (5 mL) was added cone. 
HQ(SniL): See Scheme 22. After the reacdon mktuie was wanned to 80^C and stirred for 



w 


m 


•Ti 





and sat. NaHCOs. The organic phase was dried over Na2S04, filtered, and evaporated under 
reduced pressure. The crude product was cto>matographed on silica gel (elutmg 
MeOH/CHzClz) to give [4-isoprop^S-(3-methoxy-phen)dsu]£myl)-l-p}ddin-4*yhi^^ 
lazol-2-yl]-m^hanol 38 (71 cog, 87%) as a pale yellow oiL 
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39 



To a sohtion of akrohol 38 (56 mg, 0.15 mniol) in (2 mL) was added IM 
in CH2CI2 at 0^. See Scheme 22. After the reaction mixture was stirred for. 1 h at O^C^ the 
mixture was partitioned between and sat. NaHCX)3. The aqueous phase was 

20 neutralized with solid NaHCOa and extracted with CH2Q2 ^d EtOAc. The organic phase 
was dried over Na2S04» filtered, and evaporated under reduced pressure. The crude product 
was chromatographed on silica gel (elutmg 5-10% MeOH/CH2Cl2) to give 3-(2<- 
bydroxpQethyl-5-isopropyl-3-pyridin-4-ybnethyl-3H-imida^ 39 (43 mg» 

81%) as a colorless sohd. 



25 Example 19 




1 24 25 



40 



To a solution of phenol 39 (25 mg, 0.070 mmol) and triflate (33 n^, 0.11 mmol) in 
5 THF (2 mL) and CH3CN (2 mL) was added CS2CO3 (46 mg, 0.14 ninaol). See Scheme 22. 
After the reaction mixture was stirred for 1 h at room ten^erature, the mixture was 
partitioned between EtOAc and water. The organic phase was dried oyer Na2S04, filtered, - 

L ! and evaporated under reduced pressure. The crude product was purified by preparative thin 

i . - . • 

I ' layer chromatography (eluting 10% MeOH/CHzClj) to give [3-(2-Hydroxymethyl-5-isbpropyl- 
[, . .1 10 3-pyridin-4-y]niethyl-3H-iniidazol-4-ylsu]£wyl)rphe^^ acid diethyl ester 

40 (10 nig, 28%) as a colorless oil 

Example 20 




41 



To a sohition of diediyj^hosphonate 40 (10 mg, 0.020 mmol) in THF (2 mL) was 
added trichloioac^l isocyanate (7 pL, 0.059 mmol).. See Sch^ne 22. After the reaction 
mixture was stirred for 30 min at room ten^erature, tl^ mixture was evaporated under 

20 reduced pressure. To a solution of the concentrated residue in MeOH (2 niL) was added IM 
E^COa (0.2 mL, 0.20 mmol) at O^C. After the reaction mixture was warmed to room 
tenaperature and stirred for 3 h, the mixture was partitioned between EtOAc and sat. NH4CL 
The organic phase was dried over Na2S04, filtered, and evaporated under reduced pressure. 
The crude product was purified by preparative thin layer chromatography (eluting 10% 

25 MeOH/CH2Cl2) to give [3-(2-hydroxymethyl-5-isopropyl-3-pyridin-4-yhnethyl-3H-^ 

ylsulfanyO-phenoxymethyll-phosphonic acid diethjd ester 41 (10 mg, 91%) as a colorless oil. 
NMR (500 MHz, CDQa) 6 8.50 (d, 2H), 7.16 (m, IH), 6.85 (m, IH). 6.75 (ra, IH), 6.73 
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(m, IH), 6.17 (s, IH), 5.31 (s, 2H), 5.02 (s, 2H), 423 (m. 4H), 4.16 (d, 2H), 3.23 (m, IH), 
1.37 (t. 6H), 1.29 (d, 6H). ^'P NMR (300 MHz. CDCfe) 5 19.6. 

Schane23 

O 

HQ /=v (BnOfePCHgO 



39 

O 

(BnO)2PCH2Q 



42 



43 



5 Example 2^ 



(BnO)2PCH2Q 

42 



To a solution of phenol 39 (20 mg, 0.056 mmol) in THF (1 mL) and CH3CN (1 mL) 
10 was added sodium hydride (60%, 5 mg, 0.1 12 mmol) at OX. See Scheme 23. After the 
reaction mixture was stirred for 30 min at 0°C, dibenzylphosphonyl methyitrifiate (21 mg, 
0.050 mmol) in THF (1 mL) was added. Aft« the reaction nuxture was stirred for 1 h at OX, 
the mixture was evirated undw reduced pressure and partitioned brtwem EtOAc and sat. 
NH4CL The organic phase was dried ova- Na2S04, filtered, and ev^orated under reduced 
15 i«cssure. ITie crude product was purified by preparative thin layer chromatography (duting 
10% MeOH/CHbCb) to give dibenzylphosphonate 42 (5 mg, 16%) as a pale yeDow oil 

Example 22 
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(I 

(BnO)2PCH2q 




43 



To a solution of dibenzylphosphonate 42 (5 mg, 0.0079 mmol) in CH2a2 ( 1 mL) was 
S added trichloroacetyl isocyanate (S pL» 0.049 nunol). See Scheme 23. After the reaction 
mixture was stirred for 15 min at room teiqperature, the mixture was transferred on to a 2- 
inch cohunn of neutral MO3. After the reaction mixture was soaked for 30 min, the mixture 

■ 

. was rinsed off the column with 10% MeOH/CH2Cl2 and evaporated under reduced pressure. 

Tbt crude product was purified by preparative thin layer chromatography (ehiting 10% 
10 MeOH/CH2a2) to give carbamate 43 (3 mg, 56%) as a pale yellow oiL 'H NMR (300 MHz, 

0003) 5 8.48 (d, 2H), 7.35 (m, lOH), 7.12 (t. IH), 6.88 (m, 2H), 6.70 (d, IH), 6.66 (dd, 

IH). 6.10 (t, IH), 5.29 (s, 2H), 5.13 (dd, 6H), 5,05 (s, 2H), 4.14 (d, 2H), 3.24 (m. IH), 1.30 

(d,6H). ^^PNMR(300MHz,CDa3)520.3. 

Preparation of phosphorus con5)ound 874 was displayed in Scheme 24. Starting with 
15 imidazole 842, Arl and Ar2 were introduced following the procedure described in US Patent 

No. 5326780. Benzyl group was then removed and converted to phosphorus analog 874 

using the procedure described previously. 
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Scheme 24 




842 873 874 



Scheme 25 describes preparation of coiiq>ound 880. Compound 875 was synthesized 
from compound 842 using the procedures described in US Patent No. 5326780. Treatment of 
875 with HCl removed the benzyl group to give alcohol 876, which was then introduced 
phenyl group with substitution of Y. Y is a function which can be converted to alcohol, 
aldehyde or amme, for example -NO2, -COOMe, N3, and etc. Conv«sion of Y to the amine or 
alcohol gave confound 878 and/or 879, which w^e then used as attachment site of 
phosphorus to afford phosphorus conqpound 880« Hydroxyl group in compound 880 was then 
converted to the desired side chain including but not limit to carbamate 881, urca 882, 
substituted amme 883. 
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Preparation of phosphorus compound 887 is shown in Scheme 26. Conqjound 877 
was converted to amine 884 and/or aldehyde 885, which then reacted with aldehyde and/or 
amine respectively to provide phosphorus con5)ound 886. Treatment of conqK)und 886 with 
QaCCONCO provide the carbamate 887. 
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Example 22 

48 



if ° ° 

Cb2HN>^;>v^Ii'-OH Cb2HN,,,,^^|f-OPh ^ CbzHNv^^s^P-OPh 

OH OPh OH 



20 



44 45 



CbzHN^^fo-^^^ ^ TFA .HaN^X^^-crV^^ 




rO 



Conqwund 44 was ptepared foOowing Hbe sequence of st^ described m Exanq>le 13, 
by substitatiDg coinpound 20 fbr con^ood 28. Purification of the crude product on silica gel 
dhited with 3-4% MeOH/CIfcCb provided 37 mg of 48, the title cpnapound. 'H NMR (500 
MHz, CDCb) (1.3:1 diastereomeric ratio) 8 8.50 (bs, 2H), 7.35 (t, 2H), 7.20 (m, 3H), 7.06 (s, 
IH), 6.90 (bs, 2H). 6.70 (s, 2H), 5.26 (bs, 2H), 5.21 (s, 2H), 4.97 (m, IH), 4.22 (q, 2H), 3.24 
(m, 2H), 3.19 (m, IH), 2.05 (m, 2H), 1.92 (m, 2H), 1.37 (d, 3H), 1.33 (d, 6H), 1.28 (t, 3H). 
"P NMR (300 MHz, CDCb) 8 30.0. 
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Exanyle 23 




49 

The title coiiq}ouiid 49 was prq>ared following the seqnence of stq[» desaibed in 
Exaix^>Ie 22, except for using scahmic mixtute 46 (around 13:1 ratio). Purification of the 
CTude final prodoct on glica gel dteed with 3-4% MeOH/CHjCb provided 40 mg of the title 
compound. 'H NMR (300 MHz, CDQi) 5 8.44 (bd, 2H), 7.32 (m, 2H), 7.19 (m, 3H). 7.04 
(d, IH), 6.80 (bs, 2H), 6.68 (m, 2H), 5.27 (d, 2H), 5.19 (d, 2H), 4.96 (m. IH). 4.15 (m. 2H), 
3.18 (m. 3H), 1.93 (m, 4H), 1.55 (d. 1.5H), 1.34 (d, 1.5H). 1.31 (d, 6H), 1.21 (m, 3H). '"P 
NMR (300 MHz, CDQ,) 5 30.0. 28.3. 



Exaiiq>le24 



CI 



Cf 




51 




O 

II 

CbzHN.^.-v^l?-OPh 

OH 
45 



CbzHN^^>^f-N'\'' 



49 



TFA .HaN^^^P-N 





r-O" o 

51 




Amidate 49: A soktion of phosphonic add 45 (66 rag, 0.19 minol) in CH3CN (5 mL) 
was treated with thionyl chloride (42 [iL, 0.57 mmol). After the reaction mixture was warmed 



•irrni 
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to 70^C and stirred for.2 h, the mixture was concentrated under reduced pressure. The 
residue was dissolved in CH2a2 (5 mL) and cooled to O^C Triethylamine (0.11 mL. 0.76 
mrool) and L-alanine n-butyl ester (104 mg, 0.57 mmol) were added A&sr stirring for 1 h at 
OX and 1 h at room ten^erature, the reaction mixture was neutralized with sat NHiG and 
extracted with CH2CI2 and EtOAc. The organic phase was dried ovar Na2S04, filtered, and 
evirated under reduced pressure. The crude product was purified on silica gel (eluting 60- 
80% EtOAc/h«ane) to give anoidate 49 (35 nag, 39%) as a colorless ofl, 

Amine 50: A mixture of benzyl carbamate 49 (35 mg, 0.073 mmol). trifluoroacetic acid 
(8 nL, 0.11 mmol) and 10% Pd/C (7 mg) in isopropyl alcohol (2 mL) was stirred under Ha 
iatmosphere (balloon) for 1 L The mixture was then filtered through Celite. The filtrate was 
evaporated under reduced pressure to give amine 50 (33 nnig. 99%) as a coloiless oil 
Title compound 51: A solution of 4-mtrophenylcarbonate 16 (35 mg, 0.061 mmoO in CH3CN 
(2 mL) was treated with amine 50 (33 mg. 0.072 mmol) and iPtjNEt (2 1 jiL, 0. 1 22 mmol)- 
After the reaction mixture was stirred for 1 h at room temperature, the mixture was 
concentrated under reduced pressure. The residue was purified on silica gel (eluting 4-5% 
MeOH/CH2a2) to give the title con^wund 51 (43 mg, 91%) as a pale yeDow oil NMR 
(500 MHz, CDCl,) 5 8.46 (bs, 2H). 7.31 (m, 2H). 7.20 (d, 2H). 7.14 (m. IH), 7.05 (s, IH), 
6.81 (bd. 2H), 6.71 (d, 2H). 5.27 (bs, 2H),.5.19 (bs. 2H). 4.07 (m. 2H). 3.98 (m, IH), 3.63 
(m, IH), 3.18 (m, 31^, 1.83 (m. 2H), 1.80 (m, 2H). 1.58 (m. 2H). 1.35 (m, 2H). L32 (d, 6H), 
1.30 (d, 1.5H). 1.24 (d, 1.5H), 0.93 (t. 3H). ^^P NMR (300 MHz, CDQj) 5 31.6, 31.3. 



Example 25 



a 



1 K^N^r 



52 

The title con^und was prepared foDowing the sequence of steps described ia 
Example 24, except for substituting alanine etbjrl ester for alanine n-butyl ester. Purification of 
the crude fbal product on a preparative ILC plate (5% CHjOH/CHbCt) provided 5 mg 
(75%) of the title compound. 'H NMR(CDCIa.500 MHz): 5 8.46 (d, 2H). 7.32 (d, 2H), 7.20 
(d, 2H), 7.15 (s, IH), 7.05 (s, IH). 6.82 (d. 2H), 6.70 (s, 2H), 5.27 (s, 2H), 5.19 (s, 2H), 4.12 
(m, 2H). 3.70 (t. 2H), 3.19 (m, 2H), 3.12 (t, 2H), 1.48 (m, 3H), 1.47 (t, 3H), 1.25 (d,6H). 
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Exagyle 26 



O 




Imidazole 54: A solution of imidazole 53 (267 mg, 0.655 mmol) in THF (10 mL) was 
treated with 4-metlioxybOTzyl chloride (0J8 mL, 131 mmol), powder NaOH (105 n^g. 2.62 
mmol), lithium iodide (88 mg, 0.655 mmol), and tetrabutylammonium bromide (105 mg, 0.327 
mmol). After stirring for 4 days at room temperature, the resultmg mixture was partitioned 
between EtOAc and sat. NH4CL The organic phase was dried over Na2!S04, filtered, and 
evaporated under reduced pressure. The crude product was punfied on silica gel (eluting 20- 
40% EtOAc/hexane) to give imidazole 54 (289 mg, 84%) as a colorless oiL 
Phenol 55: A sohition of benzyl eth^ 54 (151 mg, 0.286 mmol) in EtOH (5 mL) was treated 
with cone. HQ (5 mL). After the reaction mixture was warmed to 80X and stined for 2 d, 
the mixture was concratrated under reduced pressure and p^tioned betwem EtOAc and sat 
aqueous NaHCCb. The organic jAase was dried over Na2S04, filtered, and evqKnated under 
reduced pressure. The crude product was purified on silica gel (elutmg 60*70% 
EtOAc/hexane) to give the alcohol (9? mg, 79%) as a colorless solid. A solution of the 
alcohol (77 mg, 0.18 mmol) in CHzCk (3 mL) was added IM BBra in CtkCk (0.90 mL, 0.90 
mmol) at O^C After the reaction nnxture was stirred for 1 h at OX, the mixture was 
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neutralized with sat NaHCXJa and extracted with CH2CI2 and EtOAc. The organic phase was 
dried over Na2S04, fBtered, and evaporated under reduced pressure. The crude product was 
chromatographed on silica gel (ehiting 4-5% MeOWGkCk) to give phenol 55 (68 mg, 89%) 
as a colorless solid. 

Diethylphosphonate 56: To a solution of ptenol 55 (21 mg, 0.050 mmol) in ChkQi (1 
wL) and THF (1 mL) was added trifluoro-methanesulfonic acid diethoxy-phosphoiylmethyl 
ester (18 nig, 0.060 msjool) in CH3CN (1 naL). After the addition of CszCXh (20 rag, 0.060 
mmol), the reaction mixture was stirred for 2 h at room ten^erature. Additional triflate (18 
mg, 0.060 mmol) and Cs2COj (20 mg, 0.060 mmol) were introduced. After the reaction 
mixture was stirred for another 2 h at room teo^rature, the mixture was concentrated under 
reduced pressure. ITie residue was partitioned between EtOAc and sat. NH4CL The organic 
phase was dried over Na2S04, filtered, and evaporated under reduced pressure. The crude 

* 

product was purified by preparative thin layer chromatogr^hy (eluting 5% McOH/CXizCk) to 
give diethylphosphonate 56 (26 nig, 91%) as a pale yellow oil 

Title compound carbamate 57: A solution of diethylphosphonate 56 (26 mg, 0.045 mmol) in 
dkCli (2 mL) was treated with trichloroacetyl isocyanate (27 jiL, 0.23 mmol). After the 
reaction mixture was stirred ft)r 10 min at room temperature, the mixture was concentrated 
under reduced pressure. The residue was transferred to an AI2O3 column in 10% 
MeOH/CH2Cfe. Aft^ soaking on the cotomn for 30 min. the orude product was fludied out 
with 10% MeOH/CXbCb and concMtrated under reduced pressure. Hie crude product was 
purified by prq>arative thm laya: chromatography ehited with 5% MeOWC}i2Ck to give title 
compound carbamate 57 (22 mg, 79%) as a pale yellow oil *H NMR (500 MHz, CDCk) 5 
7.00 (s, IH), 6.88 (d, 2H), 6.76 (d, 2H), 6.62 (s, 2H), 5.24 (s, 2H), 5.18 (s, 2H), 4.26 (q, 4H), 
4.21 (d, 2H), 3.15. (m, IH), 1.38 (t, 6H), 1.29 (d, 6H). ^^P NMR (300 MHz, CDCh) 5 19.1. 



CI 
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Eyainple 27 

O 

II 

58 

ITie title confound 58 was prepared following the sequence of steps described in 
Example 27 with substitution of trifhioro-iiiethanesulfonic acid bis-bmzybxy- 
phosphoiylmethyl ester for trifluoio-methanesulfonic add diethoxy-phosphoiylmethyl ester. 
Purificatm of the crude final product on silica gel ehited with 3-4% MeOH/CHjCIa provided 
33 iDg of the title compound. 'H NMR (500 MHz, CDCfe) 6 7.37 (m, lOH). 6.96 (s. IH). 6.a 
(d. 2H). 6.70 (d. 2H), 6.62 (s. 2H). 5.23 (s, 2H), 5.17 (s, 2H), 5.13 (m, 4H), 4.18 (d, 2H), 
3.16 (m. IH), 1.30 (d, 6H). ^'P NMR (300 MHz^ CDaa) 5 20.1. 



Example 23 



O 




59 



A solution of diben2yIphosphoiiate 58 (15 mg, 0.020 nunol) was treated 4M HQ in 
dioxane (1 mL). Aftw the reaction mixture was stirred for 18 h at room taapaatait. the 
mixture was concentrated undo: reduced pressure. The erode product was purified on a C-18 
column (eluting 30-40% CH^CNniiO) to give phosphonic add 59 (8 mg. 71%) as a colorless 
oil 'H NMR (300 MHz, CD3OD) 5 7.19 (s, IH), 7.08 (d, 2H). 6.81 (d. 2H), 6.69 (s, 2H), 
5.48 (s, 2H). 5.44 (s, 2H), 4.12 (d, 2H), 3.32 (m, IH). 1.33 (d, 6H). NMR (300 MHz, 
CD3OD) 5 17.1. 
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Example 29 




60 



The title coiiq)ound 60 was prqpared following the sequence of steps described in 
Example 25, except for substituting J-methoxy bwugrl chloride for 4-methoxyl beDZ}d chloride. 
Purification of the crude final product on preparative thin layer chromatography eluted with 
5% MeOH/C3l2Cl2 provided 28 mg of the title compound. NMR (500 MHz, CDCI3) 5 7.12 
(t. IH), 7.03 (s, IH), 6.75 (d, IH), 6.66 (s, 2H), 6.60 (d, IH), 6.55 (s, IH), 5.24 (s, 2H), 5.19 
(s, 2H), 4.22 (q, 4H), 4.20 (d, 2H), 3.17 (m. IH). 1.37 (t, 6H), 1.31 (d. 6H). NMR (300 
MHz, CDQa) 5 19.2. 

Exanq)le30 

o 

II 




61 



The tide compound 61 was prepared following the sequence of steps described in 
Example 26, except for substituting J-nffithojQr benzyl chloride for ^/-methoxyl benzyl chloride. • 
Purification of the crude final product on silica gel eluted with 3-4% MeOH/CKUC^b provided 
36 ing of the title compound. 'H NMR (500 MHz, CDCh) 5 736 (m, lOH), 7.10 (t, lED, 7.00 
(s. IH), 6.68 (d, IH), 6.64 (s, 2H), 6J9 (d, IH), 6.53 (s, IH), 5.23 (s. 2H), 5.17 (s, 2H), 5.11 
(m, 4H), 4.18 (d, 2H), 3.16 (m, IH), 1.31 (d, 6H). ^'p NMR (300 MHz. CDQa) 5 20.2. 
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62 



The title compound 62 was prepared foDowing the sequence of steps described in 
Exan5»Ie 29, CTcqrt for sutetituting compound 61 for conqwund 58. Purification of the crude 
final product with HPLC (ehiting 3040% CH3CN/H2O) provided 7 mg of the title compound. 
'H NMR (300 MHz, CP,OD) 5 7.18 (s, IH), 7.13 (t, IH), 6,81 (d, IH), 6.77 (s. 2H), 6.72 (s, 
IH), 6.68 (d. IH), 5.49 (s. 2H), 537 (s, 2H), 4.12 (d, 2H), 3.33 (m, IH), 1.34 (d. 6H). ^'P 
NMR (300 MHz, CE>,OD) 5 17.0. 

Example 32 




O 

n 

N /-P-OEL 



68 
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Alcohol 64: A solution of niethyl 6-methoxyiiicotinate 63 (2.0 g, 12 uaool) in Et20 (SO 
mL) was treated with 1.5M DIBAL-H in tohiene (16.S mL, 25.1 xrnnol) at O'^C. After the 
reaction mixture was stined for 1 h at O'^Cy the mixture was quenched with IM sodium 
potassium tartrate and stirred for an additional 2 k Hie aqueous phase was extracted with 

ft 

£t20 and concentrated to give alcohol 64 (1.54 g, 92%) as a pale ydlow oil 
Bromide 65: A solution of alcohol 64 (700 mg, 5.0 mmol) in CHiCfe (50 mL) was treated with 
carix>n tetrabromide (2.49 g» 7.5 mmol) and triph^lphosphine (1.44 g, 5.5 mmol) at OX* 
After the reaction mixture was stined for 30 min at room temperature, the mixture was 
partitioned between CH2CI2 ^d sat. aqueous NaHCQs. The organic phase was dried over 
Na2S04» filtered, and evaq[K>rated under reduced pressure. The crude product was purified on 
silk:a gel (eluting 5-10% MeOH/CH2Q2) to give bromide 65 (754 mg, 75%) as colorless 
crystals. 

Imidazofe 66: A solution of imidazole 53 (760 rDg» 1.86 mmol) and bromide 65 (752 
mg, 3-72 mmol) in THF (10 mL) was treated with powder NaOH (298 mg, 7.44 mmol), 
lithium iodide (249 mg, 1.86 mmol), and tetrabutylammonium bromide (300 mg, 0.93 mmol). 
After stirring for 14 h at room tenq>erature, the mixture was partitioned between EtOAc and 
sat NH4CL The organic phase was dried over N^SO^, filtered, and evaporated under 
reduced pressure. The crude product was purified on silica gel (elutuig 20-30% 
EtOAc/hexane) to give imidazole 66 (818 mg, 83%) as a pale yellow oil. 
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Etfol 67: A solution of benzyl ether 66 (348 mg. 0.658 nmaol) in EtOH (3 mL) was treated 
with cone. HQ (3 mL). After the reaction mixture was wanned to SOX and stirred for 18 h. 



as a colorless solid. 

Title conqwund diethyl^hosphonate 68: A solution of diol 67 (40 mg, 0.094 mmol) in 
TUF (1 mL) was treated with trifluoro-methanesulfonic add diethoxy-phosphoijteiethyl ester 
(1 14 nsg, 0.38 mmol) in THF (1 mLX After the addition of AgjCOj (52 mg, 0.19 mmol), the 
reaction mixture was stirred for 5 d at room temparatuie. The mixturc was quenched with sat! 
NaH(X>3 and sat. NaO. and extracted with EtOAc. The organic phase was dried over 
Na2S04, filtered, and evaporated under reduced pressure. The crude product was 
chromatographed by silica gel (eluting 3-4% MeOH/CHjCk) and by preparative thin layer 
chromatography (eluting 4% MeOH/CHzClz) to give the title compound diethylphosphonate 
68 (23 nog. 43%) as a coforless oil 'H NMR (300 MHz. CDCfe) 5 7.92 (s,' IH), 7.39 (d, IH), 
7.00 (s. IH). 6.65 (d, IH), 6.55 (d, 2H), 5.20 (s, 2H), 4.81 (s, 2H). 4.55 (d, 2H), 4.21 (m. . 
4H), 3.08 (m, IH), 1.35 (t, 6H), 1.20 (d, 6H). "P NMR (300 MHz. CDCfe) 5 20.7. 



. 69 

A sototion of di^ylphosphonatc 68 (13 n^ 0.023 mmol) in OfcCfe (0.5 mL) was 
treated with trichloroacetyi isocyanate (13 jiL, 0.1 1 mmol). After the reaction mixtiire was 



The residue was transferred to an AljQj column in 10% MeOH/CH2Cl2. After soaking on the 
cohman for 30 min, the erode product was flushed out with 10% MBOWCHzCk and 
concentrated under reduced pressure. The crude product was purified by preparadve thin 
layer chromatography (ehiting 5% MeOWCUzClz) to give carbamate 69 (13 mg, 92%) as a 
pale yeUow oiL 'H NMR (300 MHz. CDQa) 6 7.78 (d. IH). 7.20 (dd. IH). 7;03 (t. IH), 6.65 
(d, IH). 6.62 (d, 2H), 5.24 (s, 2H). 5.16 (s, 2H), 4.74 (bs. 2H), 4.58 (d. 2H), 4.20 (m, 4H), 
3.13 (m, IH), 1.35 (t, 6H), 1.27 (d, 6H). "P NMR (300 MHz. CDCb) 6 20.7. 




O 




stirred for 10 min at i 
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Example 34 



=N /— P-OBn 




70 



The title compound 70 was prepared foBowing the sequence of steps described in 
Example 32, except for substituting triflnoro-methanesulfonic ^id bis-benzyb;^- 
phosphorylmethyl ester for triflaoro-methanesulfonic acid diethoxy-phosphoijtoiethyl ester. 
Purification of the crude final product on silica gel ehited with 50-60% CH3CN/H2O (vovided 
12 nig of the title compound 'H NMR (300 MHz; CDCb) 5 7.78 (s, IH), 7.34 (m, lOH), 7.19 
(dd. IH), 7.02 (t, m, 6.63 (s, IH), 6.61 (d, 2H), 5.38 (s, 2H). 5.25 (s. 2H), 5.11 (m. 4H), 
4.62 (d, 2H). 3.24 (m. IH), 133 (d. 6H). "P NMR (300 MHz, CDa,) 5 21.4. 



Example 35 



O 



O-S. ^nJ^- OH 

71 



The title compound 71 was prepared following the sequence of steps described in 
Exanspte 29, except for substituting confound 70 for con^wund 28. Purification of the erode 
final product with EPLC provided 2 mg of the title confound. 'H NMR (300 MHz, CP3OD) 
8 7.90 (s, IH), 7.44 (d, IH). 7.13 (t, IH). 6.72 (m. 3H). 5.39 (s, 2H), 5.34 (s, 2H), 4.39 (d, 
2H), 3.30 (m. IH), 1.28 (d, 6H). 



Example 36 
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To a solution of phosphonic acid 72 (33 mg, 0.058 mmol) in DMF (2 mL) was added 
benzotriazol-l-ylo;qrtrq)ynolidino-ptosphoniumhexafluoi^ (91 mg, 0.175 annol). 

iPtzNEt (30 ML, 0.175 nnnol), and MeOH (0.24 mL. 5.83 mmol). After the reaction mixture 
was stirred for 2 d at room ten^jKature, the mixtiure was partitioned between EtOAc and sat. 
NH4CL The organic phase was dried over Na2S04, filtered, and evaporated under reduced 
pressure. Purification of the crude final product on silica gel eluted with 3-5% MeOWCHzCk 
and by preparative thin layer chromatography (eluting 5% MeOH/CHzaj) provided 6 mg of 
the title con?)ound as a cobrless solid. NMR (300 MHz, CDQj) 5 7.79 (d, IH), 7.21 (dd, 
IH). 7.04 (s, IH), 6.66 (d, IH), 6.62 (d, 2H), 5.25 (s, 2H). 5.17 (s, 2H). 4.70 (bs, 2H), 4.63 
(d, 2H), 3.84 (d, 6H), 3.14 (m, IH). 1.28 (d, 6H). ^^P NMR (300 MHz. OXly) 5 23.2. 



Example 37 




1? 

l^-OEt 
OEt 



73 



A sohition of diol 67 (50 mg, 0.118 mmol) in (3l2Cl2 (5 mL) was treated with diethyl 
(2-hromoethyl)-phosphonate (64 pL, 0.354 mmol) and AgaCOj (65 mg, 0.236 mmol). After 
the reaction mixture was stirred for 3 d at 40''C. additional phosphonate (64 jiL. 0.354 mmol). 
AgaCOs (65 mg, 0.236 mmol), and boizene (5 mL) were introduced Aft^ the reaction 
mixture was stirred for another 4 days at 70°C, the mixture was jffltered through a medimn- 
fidtted funnel The crude product was chromatographed by silica gel (eluting 4-5% 
MeOH/CH2Cl2) to give diethylphosphonate 74 (8 mg, 12%) as a colorless oil ^H NMR (300 
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MHz, CDQj) S 7.81 (bs. IH), 7.17 (dd, IH), 7.03 (t, IH). 6.60 (d, 2H). 6.52 (d, 2H). 5.25 (s, 
2H), 5.15 (s, 2H), 4.71 (bs, 2H), 4.47 (m, 2H), 4.14 (m, 4H). 3.12 (m. IH), 2.27 (m, 2H). 
1.34 (t, 6H), 1.27 (d, 6H). ^'P NMR (300 MHz, CDQa) S 28.0. 

* 

Example 38 

O 




74 

Ttje title con^wund 74 prepared foltowmg the sequence of steps desmTjed m 
Example 33, excqpt fiir substituting 6-l)romoinethjd-3-methoxy pyridine for 5-bromoniethyl-2- 
m^xy pyridine *5. PurilBcation of the crude iGnal product on alica gel with 4-5% 
MeOH/CHjClz provided 66 nig of the title conqwund. 'H NMR (300 MHz, CDQj) 5 8.17 (d, 
IH), 7.01 (d, IH), 6.93 (m. 2H), 6.41 (d, 2H). 5.26 (s, 2H), 4.94 (s, 2H), 4.22 (q, 4H). 4.12 
(m, 2H), 3.08 (m, IH). I J8 (t, 6H). 1.25 (d. 6H). NMR (300 MHz, CDCJ,) 5 17.7. 

F.xam plft '^O 




75 



The title confound 75 was prepared following the sequence of steps described in 
Example 34, excqpt for substituting con5)ound 74 for con^wund 33, Purification of the crude 
final product on preparative thin layer chromatogr^hy ehited with 5% MeOH/CHaCb 
provided 15 mg the title compound. 'H NMR (500 MHz, CDCb) S 8.18 (d, IH), 6.98 (m, 
IH), 6.96 (m. IH), 6.79 (d, IH). 6.58 (d, 2H). 535 (s, 2H), 5.32 (s, 2H), 4.83 (bs, 21©, 4.25 
(q, 4H), 4.24 (m, 2H), 3.14 (m. IH), 1.39 (t. 6H), 1.28 (d, 6H). "P NMR (300 MHz, CDQa) 
618.1. 
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Example 40 

O 




76 

The title coii5)ound 76 was prepared following the sequence of steps described in 
Exan^jle 39, except for substituting trifluoro-methanesulfonic add bis-benzylojgr- 
phosphoryhnethyl ester for trifluoro-methanesulfonic acid diethojqr-phosphorylm^l ester. 
Purification of the crude final product on silica gel ehited with 4% MeOH/CH2Cl2 provided 67 
mg of the title conipouhd NMR (300 MHz, CDCI3) 5 8.05 (4 IH), 7.36 (m, lOH), 6.95 
(d, IH). 6.81 (m, 2H), 6.37 (d, 2H), 5.22 (s. 2H), 5.13 (m, 4H), 4.91 (s, 2H), 411 (d, 2H), 
3.05 (m, IH), L22 (d, 6H). '^P NMR (300 MHz, CDCb) 5 18.8. 

Example 41 

O 




77 



The title con^und 77 was prepared following tiae sequence of stq>s described in 
Example 34, except for substituting con^wund 76 for con?)ound 33. Purification of the crude 

• ■ ■ 

final product on silica gd ehited with 4-5% MeOH/COiCk provided 35 ing of the title 
compound. 'H NMR (300 MHz, CDCb) 6 8.07 (d. IH), 736 (m, lOH). 6.85 (m. 2H), 6.72 (d, 
IH), 6.55 (d, 2H). 5.35 (s, 2H), 5.29 (s. 2H), 5.13 (m, 4H). 4.74 (bs, 2H). 4.15 (d. 2H), 3.13 
(m, IH), 1.28 (d, 6H). ^'P NMR (300 MHz, CDOj) 5 19.2. 

■ 

Exanyle 42 
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P 

(ys.r\}-o OH 

78 

The title coiqiound 78 was pr^ared following the sequence of stq>s described ia 
Exanople 29, except foi substituting conqraund 77 for coiqiound 28. Purification of the etude 
final product on a C-18 cohunn duted with 30% OBbCN/EbO proyuled 6 mg of the tide 
compound. 'H NMR (300 MHz, CDjOD) 5 8.16 (bs, IH). 7.21 (bs, 2H), 7.18 (bs, IH), 6.70 
(d. 2H), 5.64 (s, 2H). 5.49 (s, 2H), 4.21 (d, 2H), 334 (m; IH), 1.34 (d, 6H). ^'P NMR (300 
MHz, CD3OD) 5 16.0. 



Example 43 




81 



O 

II 



' 59 





81 



Dipheofylphosphonate 79: A solution of phosphonic acid 59 (389 mg, 0.694 mmol) in 
pyridine (5 mL) was treated with phenol (653 mg, 6.94 mmol) and 1.3- 
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dicyclohexylcarbodiimide (573 mg, 2.78 nmol). After stiiring at 70°C for 2 h, the mixture 
was dfluted with CH3CN and filtered through a fiitted funnel. The filtrate was partitioned 
between EtOAc and sat. NH4CI, and extracted with EtOAc. The organic phase was dried 
over Na2S04, filtered, and evaporated under reduced pressure. Tlie crude product was 
purified on silica gel (eluting 60-80% EtOAc/hexane) to give diphenylphosphonate 79 (278 
nog, 56%) as a colorless oiL 

Phosphonic acid 80: A solution of dijAenylphosphonate 79 (258 mg, 0.362 mmol) in 

V 

CH3CN (20 niL) was treated with IN NaOH (0.72 mL, 0 J24 mmol) at 0°C After the 
reaction mixture was stirred for 3 h at 0°C, the mixture was filtered through Dowex 50WX8- 
400 acidic resin (380 mg), rinsed with MeOH, and concentrated under reduced pressure to 
give phosphonic acid 80 (157 ng, 68%) as a cobrless soHd. 

Title conqxMind 81: A sohition of phosphonic acid 80 (35 mg, 0.055 mmol) m CH3CN 
(1 mL) and THF (1 mL) was treated with thionyl chloride (12 |iL, 0.16 mmol). After the 
reaction mixture was warmed to 70*C and stirred for 2 h, the mixture was concentrated under 
reduced pressure. The residue was then dissolved in CH2Cfc (2 mL) and cooled to 0°C 
Triethylamine (31 pL. 0.22 mmol) and ettiyl S-(-)-lactate (19 |iL, 0.16 mnaol) were added. 
After stirring for 1 h at O^^C and 1 h at room temperature, the reaction mixture was neutraUzed 
with sat. NH^a and extracted with CHiCIs and EtOAc. The organic phase was dried over 
NazSO^; filtered, and evirated under reduced piessure. The erode product was purified by 
preparative tfain layer chromatography (ehiting 70% EtOAc/hexane) to give ethyl lactate 81 (7 
mg, 17%) as a colorless sofid. 'H NMR (300 MHz, CDCb) 5 7.30 (m, 5H), 6.99 (d, IH), 
6.82 (m, 4H), 6.63 (d, 2H), 5.23 (s, 2H), 5.18 (s, 2H), 5.14 (m, IH), 4.67 (bs, 2H), 4.51 (d. 
2H), 4.20 (m, 2H). 3.16 (m. IH), 1.61 (d, 1.5H), 1.50 (d, 1.5H), 1.30 (d, 6H), 1.24 (m. 3H). 
^'P NMR (300 MHz, CDGb) 5 17.0, 15.0. 




82 
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The title coii:pound 82 was prepared following the sequence of steps described in 
Example 44, except for reacting monophosphonic acid 80 with isopropyl lactate* Purification 
of the crude final product on silica gel eluted with 70-90% EtOAc/hexane provided 5.4 mg of 
die tide compound NMR (300 MHz, CDQa) 5 7.35 (m, 3H), 7.25 (m, 3H), 7.0 (s, 0.5H). 
6.98 (s, 0.5H), 6.86 (m, 2H), 6.79 (m, 2H), 6.64 (s, IH), 6.61 (s, IH), 5.22 (s, 2H), 5.17 (s, 
2H), 5.06 (b, IH), 4.62 (b, 2H), 4.53 (m, 2H), 4.38 (q, IH), 3.15 (m, IH), 1.60 (d, 1.5H), 
1.48 (d, L5H), 1.30 (d, 3H), 1.28 (d, 3H), 1.20 (d, 6H). ^'P NMR (300 MHz, CDQa) 5 
17.04, 14.94 (1:1 diastereom^ ratio). 



Exany le 45 




83 

The title coiiq>oand 83 was i^qwed foltowiitg the sequence of steps described in 
Example 44, except for reacting monophosphonic add 80 with methyl lactate. PurificaticHi of 
the cmde final product on silica gel duted with 70-90% EtOAc/h»cane provided 2.7 mg of die 
title compound. 'H NMR (300 MHz, CDjCN) 5 7.40 (n^ 2H), 725 (m, 3H), 7.08 (s, IH), 
6.98 (d, 2H), 6.77 (d, 2H), 6.64 (s, 2H). 5.20 (s. 2H). 5.16 (s, 2H), 5.13 (b, IH). 4.47 (m. 
2H). 3.72 (s, 2H). 3.67 (s, IH), 3.09 (m, IH), 1.56 (d, IH), 1.51 (d, 2H), 1.20 (d. 6H). "P 
NMR (300 MHz, CD^Ctf) 5 16.86, 15.80 (2.37:1 diastCTeomeric ratio). 



Example 46 




O OH 6 



84 

A solution of mono-lactate pho^honate con^und 83 (131 mg, 0.18 mmol) in 
DMSO/MeCN (1 mL/2 mL) and PBS buffer (10 mL) was treated with esterase (400 |iL). 
After the reaction mixture was warmed to 40°C and stirred for 7 days, the mixture was filtered 
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and concentrated under reduced pressure. Purification of the crude product on Cis column 
duted with MsCNfHzO provided 17.3 mg (15 %) of the title compound 84. "H NMR (300 
MHz, CD3OD) 5 7.20 (s, IH), 7.02 (d, 2H), 6.79 (d, 2H), 6.71 (s, 2H), 5.40 (s, 2H). 5.35 (s, 
2H), 5.34 (b, IH) 4.10 (bd, 2H), 3.26 (m. IH), 1.50 (d, 3H), 1.30 (d, 6H). NMR (300 . 
MHz. CD3OD) 5 14.2. 



Exanyle47 




Hie title conq)Ound 85 was prepared foOowing the sequence of steps described in 
Example 44, except for reacting monophosphonic add 80 with L*alanine ethyl ester. 
Purification of the crude final product on preparative tlnn layer chromatography eluted with 
80% EtOAc/hexane provided 7 mg of the title con^wunA NMR (300 MHz, CDCh) 5 
7.26 (m, 5H). 6.98 (d, IH), 6.87 (d, 2H), 6.73 (t, 2H), 6.62 (s, 2H), 5.21 (s, 2H), 5.17 (s. 
2H), 4.28 (bs, 2H), 4.25 (m, 2H), 4.10 (m, 2H), 4.02 (m, IH), 3.66 (m, IH), 3.14 (m, IH), 
1.28 (d. 6H), 1^4 (m, 6H). ^'P NMR (300 MHz, CDCfe) 5 20.2, 19. 1. 

Exanyle 48 




The title confound 86 was prepared following the sequence of steps described in 
Example 44, except for reactmg monophosphonic acid 80 with L-alanine methyl ester. 
Purification of the crude final product on prq>arative thin layer chromatography eluted with 

80% EtOAc/hexane provided 8 mg of the title compound. ^H NMR (300 MHz, CDCI3) 5 7.25 
(m, 5H), 6.98 (d, IH), 6.88 (d, 2H), 6.73 (t, 2H), 6.61 (bs, 2H), 5.21 (d, 2H), 5.17 (s, 2H), 
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4.66 (bs, 2H), 4.25 (m, 3H), 3.66 (s, 1.5H), 3.64 (m, IH), 3.59 (m, L5H), 3.14 (m, IH). L36 
(t, 6H), U8 (d, 6H). ''P NMR (300 MHz, CDCI3) 5 20.2, 19.0. 



Example 49 



CI ^v/^N T 




87 

The title conywond 87 was prepared following the sequence of steps described in 
£xanq>le 44, exc^ for reacting monophosphonic acid 80 with L-alanine isopropjd ester. 
Purification of the crude final product on preparative thin layer chromatography eluted with 
80% EtOAc/bexane provided 7 tng of the title compound. NMR (300 MHz, CDQ}) S 
7.25 (m, 5H), 6.98 (in, IH), 6.87 (d, 2H), 6.74 (m, 2H), 6.61 (bs, 2H), 5.22 (d, 2H), 5.18 (s, 
2H), 4.93 (na. IH), 4.68 (bs, 2H), 4.25 (m, 3H), 3.66 (s, IH), 3.15 (m, IH), 1 J4 (na. 3H), 
1.29 (d, 6H). 1.17 (m, 6H). ^'P NMR (300 MHz, CDOb) 8 20.1, 19.1. 



ExanyleSO 




N 



Oy— P-N' 



88 

The title compound 88 was prepared following the sequence of steps described in 
£xanq>le 44, except for reacting noonopfaosphonic acid 80 with L-alanine n-butyl esttf . 
Purification of the crude final product on prqKirative thin layer chroniatogri^y ehited with 
80% EtOAdbexane provided 6 ii« of the title compound. 'H NMR (300 MHz, CDCla) 5 7.25 
(m. 5H), 6.98 (bd, IH), 6.88 (d, 2H), 6.73 (t, 2H), 6.61 (d. 2H), 5.22 (d, 2H). 5.17 (s, 2H), 
4.63 (bs, 2H), 4,25 (m. 3H), 4.06 (m. 2H), 3.65 (m, IH), 3.14 (m, IH), 1.58 (m, 4H), 136 
(m. 3H), 1.28 (d, 6H), 0.90 (t, 3H). ?'P NMR (300 MHz, CDCb) 8 20.2, 19.1. 
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Fxample 51 




89 

The title coiiq)Ound 89 was prepared following the sequence of si&ps described in 
Example 44, except for reacting monophosphonic add 80 with L-alanine n-butyl ester. 
Purification of the crude final product on preparative thin layer chromatography ehited with 
80% EtOAc/hexane provided 4 mg of the titk conqjound *H NMR (300 MHz, CDCfe) 5 
7.24 (m, 5H), 6.98 (m, IH), 6.87 (d, 2H), 6.74 (t, 2H), 6.62 (d, 2H), 5.21 (d, 2H), 5.17 (s, 
2H), 4.64 (bs, 2H), 4.24 (m. 2H), 4.11 (m. 3H), 3.58 (m, IH). 3.15 (m, IH), 1.28 (d, 6H), 
1.19 (m, 5H), 0.84 (m, 3H). ^^P NMR (300 MHz, CDQa) 8 20.4, 19.4. 

* 

Example 52 




To a solution of phosphonic add 59 (61 mg, 0.11 mmol) in DMF (1 xnL) was added 
b»izotriazol-l-ybxytripyn:oUdino-plK)spboniumhexafluorophosphate (169 iqg, 0.32 mmoQ, 

L-alanine ethyl ester (50 mg, 0.32 mmol), and DIEA (151 pL, 0.87 mmol). The reaction 
mixture was stirred for 5 hours at room temperature. Then the mbcture was concentrated 
under reduced pressure. The residue was dissolved in EtOAc, washed with HQ (5 % aq), and 
extracted with EtOAc (3x). The organic phase was washed with sat. NaHC(>3, dried over 
N£^S04, and evaporated under reduced pressure. The crude product was purified on silica gel 
eluted with 5-8% McOH/CHzCh. to give 5.5 mg of con^>ound bis-amidate 90 as white solid. 
*H NMR (300 MHz, CDCk) 6 7.06 (s. IH), 6.88 (d, 2H), 6.73 (d, 2H), 6.62 (s, 2H), 5.23 (s, 
2H), 5.17 (s, 2H), 4.70 (hs, 2H), 4.25 (bm, 8H), 3.40 (q, 2H), 3.16 (m, IH). 1.44 (t, 6H), 1.24 
(d, 6H). ^^P NMR (300 MHz, CDQa) 5 19.41. 
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Ryam ple 53 

O 




91 

The title con;)Ound 91 was prepared following the sequence of steps described in 
Exan^le 52, except for substituting ett^l amine for L-alanine ethyl ester. Purification of the 
crude final product on silica gd eluted with 4-10% MeOH/CXbCla provided 14.8 mg of the 
tide compound 'H NMR (300 MHz. CDjOD) 6 7.07 (s, IH), 6.99 (d, 2H), 6.77 (d, 2H), 
.6.60 (s, 2H), 5.27 (s, 2H), 5.22 (s, 2H), 4.07 (d, 2H), 3.09 (m. IH), 3.01 (bm, 4H), 1.24 (d, 
• 6H), 1.16 (t, 6H). ^'P NMR (300 MHz, CDjOD) 5 24.66. 

« 

Example 54 




97 
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O o 




Diethylphosphonate 93: A solution of alcohol 92 (200 mg, 0.609 mmol) in THF (5 
mL) was treated with 60% NaH in mineral oil (37 mg, 0.914 nsDol) at O^'C After the reaction 
mixture was stirred for 5 mm at O^Q trifluoro-methanesulfonic acid diethoxy- 
phosphorylmethyl ester (219 mg^ 0.731 mmol) was added in THF (3 mL). After the reaction 
mixture was stirred for an additional 30 min, the mixture was quenched with sat NH4a and 
exuracted with EtOAc. The arganic phase was dried over Na2S04, filt^ed, and evq>orated 
under reduced pressure to give crude diethy^hosphonate 93 as a colorless oil. 

Alcohol 94: A sohtion of diethylphosphonate 93 (291 mg, 0.609 mmol) in CHzCh (5 
mL) was treated with trifluoroacetic add (0.S mL). After the reaction mixlure was stirred for 
30 min at room temperature, the mixture was concentrated under reduced pressure. The 
crude product was purified on silica gel (eluting 4-5% MeOH/CHzCla) to give alcohol 94 (135 
mg, 94% over 2 steps) as a colorless oil 

Bromide 95: A solution of alcohol 94 (134 mg, 0.567 mmol) in CH2CI2 (5 mL) was 
treated with carbon tetrabromide (282 mg, 0.851 mmol) and triphenylpbosphine (164 mg, 
0.624 mmol)- After stirring at room temperature for 1 h, the mixture was partitioned between 
CH2CI2 and sat. NaHCOs. The organic phase was dried over Na2S04, filtered, and evaporated 
under reduced pressure. The crude product was purified twice on silica gel (eluting 60-100% 
EtOAc/hexane, followed by eluting 0-2% MeOH/CH2Cl2) to give bromide 95 (80 mg, 47%) 
as a colorless oil 
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Imidazole 96: A solutton of benzyl eth^ 53 (2.58 g, 634 ininol) in EtOH (60 mL) 
was treated with cone. HCl (60 mL). After the reaction iDixture was wanned to lOO^'C and 
stirred for 18 h, the nuxture was concentrated under reduced pressure. The residue was 
partitioned between EtOAc and sat NaHCO}. The organic phase was dried over Na2S04« 
filtered, and evaporated under reduced pressure. The crude {Hoduct was chromatograpbed on 
silica gel (ehiting 8-9% MeOH/CHaaz) to give imidazole 96 (1.86 g, 93%) as a colorless 
solid. 

Title congwund 97: A solution of imidazole 96 (54 mg, 0. 170 mmol) and bromide 95 (56 mg, 
0.187 mmol) in THF (3 mL) was treated with powder NaOH (14 mg, 0.340 mmol), lithium 
iodide (23 mg, 0.170 mmol), and tetrabutylainmoniumbronHde (27 mg, 0.085 mmol) were 
then added Aft^ stirring at room temperature for 2 h, the mixture was partitioned between 
EtOAc and sat. NH4G. The otganic phase was dried over Na2S04, filtered, and evaporated 
under reduced pressure. The crude product was purified on silica gel (ehiting 3-4% 
MeOH/CHzC^ and by preparative thm layer chromatography (eluting 5% MeOWCH^Ck) to 
give alcohol 97 (42 mg, 46%) as a pak yellow Q]L ^HNMR (300 MHz, CDCb) 57.13 (bs, 
IH), 6.86 (d, 2H), 4,92 (s, 2H). 4.87 (s, 2H), 4.16 (m, 6H), 3.73 (d, 2H), 3.10 (m, IH), 1.34 
(t, 6H), 1.21 (d, 6H). ^^P NMR (300 MHz, CDCh) 5 20.8. 

O 




The title con;)ound 97a was prepared following the sequence of steps described in 
Exan^le 32 by substituting conqpound 97a for compound 68. Purification of the c^de final 
product on silica gel elnted with 3-4% MeOH/CHiCls provided 13 mg of the title conqpound. 
^H NMR (300 MHz, CDCfe) 5 7.13 (t, IH), 6.87 (d, 2H), 5.29 (s, 2H), 4.87 (s, 2H), 4. 14 (m, 
6H), 3.72 (d, 2H), 3.13 (m, IH), 133 (t, 6H). 1.26 (d. 6H). ^'P NMR (300 MHz, CDCb) 8 
21.2. 
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Rxam ple 56 




MoDOpbenol Allylphosphonate 99c: To a solution of allyJ^hospbomc dichloride 99si (4 
g, 25.4 mmol) and phenol (5.2 g, 55.3 mmol) in CBiCk (40 mL) at O^C was added TEA (8.4 
mU 60 mmol). After stirred at room temperature for 1.5 h, the mixture was diluted with 
hexane-etbyl acetate and washed with HG (0.3 N) and water. The organic phase was dried 
over MgS04, filtered and concentrated under reduced pressure. The residue was filtered 
through a pad of silica gel (duted with 2:1 hexane-ethyl acetate) to afford crude product 
diphenol aBylphosphonate 99b (7.8 g, containing the excessive phenol) as an oil which was 
used directlv without anv further purification. The crude material was dissolved in CH3CN 
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(60 inL), and NaOH (4.4N, 15 mL) was added at O^C. The resulted mixture was stirred at 
room tenq>erature for 3 h, then neutralized with acetic acid to pH = 8 and concentrated under 
reduced pressure to remove most of the acetonitrile* The residue was dissolved in water (50 
mL) and washed with CHzCib (3X25 mL). The aqueous phase was acidified with concentrated 
HCl at O^C and extracted with ethyl acetate. The organic phase was dried over MgS04, 
filtered, evaporated and co-ev^rated with toluene under reduced pressure to yield desired 

« 

monophenol aOylphosphonate 99c (4.75 g. 95%) as an oil 

Monolactate Allylphosphonate 99e: A soludon of monophenol aDylphosphonate 
(4.75 g, 24 mmol) in tohiene (30 mL) was treated with SOCfe (5 mL, 68 mmol) and DMF 
(0.05 mL). After stirred at 65**C for 4 h, the reaction was completed as shown by ^^P NMR. 
The reaction mixture was evaporated and co-evaporated with toluene imdsr reduced pressure 
to give mono chloride 99d (5.5 g) as an oil A sohition of chloride 99d m CH2a2 (25 mL) at 
O'^C was added ethyl (s>']actate (3.3 mL, 28.8 mmol), foUowed by TEA* The mixture was 
stirred at 0°C for 5 min then at room temperature for 1 h, and concentrated under reduced 
pressure. Hie residue was partitioned between ethyl acetate and HQ (0.2N), the organic 
phase was wa^ed with water, dried over MgS04, filtered and concentrated under reduced 
pressure. The residue was purified by chromatography on silica gel to afford desired 
monolactate (5.75 g, 80%) as an oil (2: 1 mixture of two isomers). 

Aldehyde 99f : A solution of aDy^hosphonate 99e (23 g, 8.38 mmol) in 09202 (30 
mL) was bubbled with ozone air at-78°C until the solution became blue, then bubbled with 
nitrogen until the blue color disappeared. Methyl sulfide (3 mL) was added at -78°C The 
mixture was warmed up to room ten^erature, stirred for 16 h and concentrated under reduced 
pressure to give desired aldehyde 99f (3.2 g, as a 1: 1 mbctnre of DMSO). 

Compound 98 was prepared from conp>und 29 following the sequence of steps 
described in Exan^le 22. (Compound 99 was prepared from con^und 96 following the 

■ 

sequence of steps described in Exanq)Ie 54 and 55, except for substituting 4-nitro benzyl 
bromide for confound 95. 

Aniline 100: To a solution of con9)ound 99 (100 0.202 mmol) in EtOH (2 mL) 
was added acetic acid (2 mL) and zinc dust (40 mg, 0.606 mmol). After the reaction mixture 
was stirred for 30 min at room temperature, the mixture was concentrated under reduced 
pressure. The crude product was purified on silica gel (eluting 5-6% MeOH/CH2Cl2) to give 
aniline 100 (43 mg, 41%) as a yellow oiL 

Title compound pho^honate 101: To a solution of aniline 100 (22 mg, 0.042 mmol) 
and aldehyde 99f (17 mg, 0.046 mmol) in MeOH (2 mL) was added acetic acid (10 ^L, 0. 17 
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mmol) and 4A molecular sieves ( 10 mg). After the reaction mixture was stirred for 2 h at 
room teii?)erature. NaCNBHa (5 rng, 0.084 mmol) was added. After the reaction mixture was 
stirred for an additional 4 h at room ten5)erature, the mixture was concentrated under reduced 
pressure. The residue was partitioned between EtOAc and sat. NaHCQa* Hie organic phase 
was dried oyer Na2S04, filtered, and evaporated under reduced pressure. The crude product 
was purified on silica gel (eluting 5-6% MeOH/CHaCy to give title compound phosphonatc 
101 (25 mg, 79%) as a colorless oil. NMR (500 MHz, CDCly) 5 7.34 (dd, 2H), 7.21 (m, 
3H), 7.02 (bs, IH), 6.79 (d, 2H), 6.64 (t, 2H), 6.42 (dd, 2H), 5.21 (s, 2H), 5.10 (s, 2H), 5.02 
(m, IH). 4.75 (bs, 2H), 4.20 (m, 2H); 3.53 (m, 2H), 3.13 (m, IH), 2,31 (m, 2H), 1.58 (d, 
1.5H). 1.38 (d, L5H), 1.28 (d. 6H), 1.25 (t, 3H). NMR (300 MHz, CDQa) 5 28.4, 26.5. 



Example 57 




4 
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Compound 102 was prepared from compound 96 following the sequence of steps 
desaibed in Example 54, except for substituting methyl 4-bromomethyl benzoate for 
conopound 95. 

Amide 103: A solution of ester 102 (262 mg, 0.563 mmoQ in THF (5 mL) and 
CH3CN (2 mL) was treated with IN NaOH (1.13 mL, L13 mmol). After the reaction mixture 
was stirred for 2 h at 60°Q the nnxture was concentrated xrndsx reduced pressure. The 
residue was partitioned between EtOAc and IN HCL The organic phase was dried over 
Na2S04, filtered, and evaporated under reduced pressure. The crude product was 
chromatographed on silica gel (eluting 5-10% MeOWCRzOi) to give the carboxylic acid (120 
mg, 47%) as a cotorless oSL A solution of the above carboxylic acid (120 mg, 0,266 mmol) 
and N,0-dimethylhydroxylamine (29 mg, 0.293 mmol) in DMF (3 mL) was treated with l-(3- 
dimethylaminopropyl>3-ethylcaifoodiinikle hydrochloride (61 mg, 0.319 mmol), 1- 

hydroxybenzotriazole hjfdrate (43 mg, 0.319 mmol), and tri^ylamine (55 ^L, 0.399 mmol). 
Afi^ the reaction mixture was stirred for 18 h at room teiq)mture, the mbcture was 
partitioned between EtOAc and H2O. The organic phase was dried over Na2S04» filtered, and 
evaporated under reduced pressure. The crude product was chromatogr^hed on siUca gel 
(eluting 3-4% MdOWCOiCl^ to give the amide 1(B (107 mg, 81%) as a colorless oil 

Aldehyde 104: A solution of amide 103 (106 mg, 0.214 mmoD in THF (5 mL) was 
treated with L5M DIBAL-H in toluene (0.43 ndL, 0.642 mmol) at 0^. After the reaction 
mixture was stirred for 1 h at 0°C, the mixture was quenched with IM sodium potassium 
tartrate and stirred for an additional 3 d. The aqueous phase was extracted with EtOAc, and 
the organic phase was dried over N%S04, filtered, and evaporated under reduced pressure to 
give crude aldehyde 104 as a colorless oil 

Title compound 105: To a sohition of aldehyde 104 (91 mg, 0.21 mmol) in MeOH (5 
mL) was added diethyl(aminoediyl) phosphonate (63 mg, 0J31 mmol), acetic acid (48 )iL, 
0.231 mmol) and 4A iiK>Iecular sieves (10 nog). After the reaction mboture was stirred for 2 h 
at room ten^erature, NaCNBHs (26 0.42 mmol) was added. After the reaction mixture 
was stirred for an additional 18 h at room tempmture, the mixture was concentrated under 
reduced pressure. The residue was partitioned between EtOAc and sat. NaHCQs* The 
organic phase was dried over Na2S04, filtered, and evaporated under reduced pressure. The 
crude product was chromatographed on silica gel (eluting 5-10% MeOWCRzCk) to give 
phosphonate 105 (10 mg, 8% over 2 steps) as a colorless oil 'H NMR (300 MHz, CP3OD) 5 
7J5 (d, 2H), 7.10 (t, IH), 7.06 (d, 2H), 6.65 (t, 2H), 5.34 (s, 2H), 4.73 (s, 2H), 4.09 (m, 4H), 

^84 
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3.68 (s, 2H), 3.12 (m, IH), 2.83 (ra, 2H), 2.04 (m. 2H), 1.30 (t, 6H). 1.24 (d, 6H). ^'P NMR 
(300 MHz, CD3OD) 5 30.6. 
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The title coiq[>ouiid 106 was piepsaxd following the sequence of steps described in 
Exaniple 34, accept for substituting compound 105 for confound 68. Purification of the 
crude final product on preparative tbin layer chroniatograpfay duted with 7% MdOH/dkCk 
provided 6 mg of the title c6n^)ound. 'H NMR (300 MHz, CDCb) 8 7.15 (d, 2H), 7.02 (bs, 
IH), 6.88 (d, 2H), 6.67 (t, 2H), 5.21 (s, 2H), 5.17 (s, 2H), 4.76 (bs, 2H), 4.08 (m, 4H), 3.70 
(s, 2H), 3.15 (m, IH), 2.86 (m, 2H), 1.97 (m, 2H), 1.31 (t, 6H), 1.29 (d, 6H). "P NMR (300 
MHz, CDCk) 5 30.6. 



Kxamnle 59 




CI. ^ ww_y ^ 5 



108 



186 
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Compound 107 was prepared following the sequence of steps described in Exanqple 
34, except for substituting con^pound 104 for compound 68. The title conq)ound was 
prepared following the sequence of steps described in Exanq>le 58, except for substituting 
compound 98 for aminoetbyl phosphonic acid diethyl ester. Purification of the crude final 
product on preparative thin layer chromatogr^hy ehited with 7% MeOH/CHiOi provided 24 
mg of the tide coiH)Ound 108. ^^MR (300 MHz, CDOs) (5:1 diastareomeric ratio) 5 7.34 
(t, 2H). 7.17 (m, 5H), 7.01 (U IH), 6.86 (d, 2H). 6.66 (t, 2H3. 5.20 0)S. 4H). 4.96 (m. IH). 
4.63 (bs, 2H), 4.19 (m. 2H), 3.73 (s, 2H), 3.15 (m, IH), 3.02 (m, 2H). 2.27 (m, 2H). 1.36 (d. 
3H), 1.29 (d, 6H) 1.27 (m, 3H). ^'P NMR (300 MHz, CSX3l^ 5 29.1, 27.4. 

Exanq)]e60 




Compound 109 was prepared firom compound 29 ifollowing the sequence of steps 
described in Exanq)le 22. The tide con^jound was prepared following the sequence of steps 
described in Exanqple 58, except for substituting compound 109 for aminoethyl phosphonic 
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add diethyl esiei. Purifcation of the crude final product on silica gel ehited with 3-6% 
MeOH/CHzOi provided 8 mg of the title conqwund. 'H NMR (300 MHz, CDCI3) (1.8: 1 

diastereomeric ratio)57.31 (m, 2H), 7.16 (m, 5H), 7.01 (bs, IH), 6.88 (d, 2H). 6.66 (bs, 2H), 
5.21 (s. 2H), 5.20 (s, 2H), 4.69 (bd, 2H), 4.27 (bt, IH), 4.12 (m, 3H), 3.75 (m, 2H), 3.16 (m, 
IH), 2.99 (m, 2H), 2.1 1 (m, 2H), 1.30 (d, 6H), 1.22 (m, 6H). "P NMR (300 MHz, CDCI3) 5 
31.3, 30.8. 

Example 61 



O 




Conqpound 112: A solution of methyl 4-hydroxybenzoate 111 (0.977 g. 6.42 mmol) 
and trifhioro-methanesulfonic acid diethoxy-phosphorylmethyl ester (2. 12 7.06 mmol) in • 
THF (SO mL) was treated with CS2CQ3 (4.18 g, 12.84 mmol). The resulting reaction mixture 
was stirred for 1 h at room tenqi^ture before it was partitioned between EtOAc and sat 
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aqueous NH4a aod extracted with EtOAc (3x). The organic phase was washed with brine, 
dried over Na2S04, and evaporated under reduced pressure. Purification of the crude product 
on silica gel (eluted with 60-90% EtOAc/hexane) provided 1.94 g (quantitative) of methyl 
pbosphonobenzoate coiiq)ouDd 112 as a clear oil 

Akotol 112a: A sohition of 112 (1 .94 g, 6.42 mmol) in EtzO (40 mL) was treated 
with LiBH4 (0.699 g, 32.1 mmol) aiKi THF (10 mL). After the reaction mixture was stirred 
for 12 h at room tenq)a:ature, the nurture was quendi!^ 

(3x). The organic phase was dried over Na2S04 and evaporated under reduced pressure. The 
crude product was purified on silica gel (ehited with 2-5% MeOH/CHaai) to give L48 g 
(84%) of alcohol compound 112a as a colorless oil 

Chloride 112b: A solution of 112a (3 15 mg. 1. 15 mmol) in MeCN (6 mL) was treated 
with methanesulfonyl chloride (97.6 pL,. 1.26 mmol), TEA (175 \iL, 1.26 mmol), liQ (74.5 
n^, 1.72 mmol). After stirring at room ten^rature for 30 min., the nuxture was concentrated 
undc^ reduced pressure, partitioned between EtOAc and sat. NaHCQa* and extracted with 
EtOAc(3x). The organic phase was dried over N%S04 and evaporated under reduced 
pressure. Purification of the ande product on silica gel (eluted with 2-4% MeOH/CHsQi) 
provided 287 (85%) of chloride con]pound ll2b as a clear pale yellow oil 

Alcohol confound 113: A solution of benqfl eth^ 36 (120 nog, 0.326 mmol) in EtOH 
(2 roL) was treated with cone. HO (2 mL). After the reaction mixture was refluxed at lOO'^C 
for 1 day, the mixture was concentrated und^ reduced pressure, partitioned between EtOAc 
and sat. NaHCOa, and extracted with EtOAc (3x). The organic phase was dried ov^ Na2S04 
and evaporated under reduced pressure to provide the crude alcohol conq>ound 113 (90 mg, 
99%) as a white solid. 

Compound 114: A solution of alcohol compound 113 (16.8 mg, 0.060 mmol) and 
chloride compound 112b (21.1 ing, 0.072 namol) in THF (1.5 niL) was treated with powder 
NaOH (33 mg, 0.090 mmol), lithium iodide (12.0 mg, 0.090 mmol), and 
t^iabutylammonium bromide (9.70 mg, 0.030 mmol). After the reaction mixture was stirred 
at room tenq>^ature for IS h, the mixture was partitioned between EtOAc and sat. NHiQ. 
The organic phase was dried over Na2S04, filtered, and evaporated under reduced pressure. 
The erode product was purified on silica gel (ehited with 3-6% MeOH/CHaC^) to give 
compound 114 (19.7 mg, 61%) as a colorless oiL . 

Title con?K)und 115: A sohition of 114 (19.7 mg, 0.037 nomol) in CU2CI2 (1 mL) was 
treated with trichloroacetyl isocyanate (13.2 jlL, 0. 1 1 1 mmol). After the reaction nuxture was 
stirred at room temperature for 20 min, 2 mL of CH2CI2 (saturated with NH3) was added to 
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the mixture. After stkring at room teiq^erature for 1 h, the mixture was bubbled with Nz for 1 
h. The mixture was then concentrated under reduced pressure and purified on silica gel 
(eluted with 4-6% MeOHJCHiCh) to give the titled compound 115 (18.5 mg, 87%) as a clear 
oil *H NMR (300 MHz, CDCfe) S 7.09 (t, IH), 6.90 (d, 2H), 6.78 (d, 2H), 6.63 (dd, IH), 
6.5 1 (dd, IH), 6.40 (t, IH), 5. 15 (s, 2H), 5.1 1 (s, 2H), 4.70 (b, 2H), 4.21 (m, 6H), 3.70 (s, 
3H). 3.22 (m, IH), 1.36 (t, 6H). 1.29 (d, 6H). ^^P NMR (300 MHz, CDa^) 5 19.2. 

Kxamplfi 62 




118 



A su5pensM>n of compound 116 (15mg, 0.03inmol} in acetone d-6 was treated with 
trifluoro-methanesulfonic acid dictboxy-phosphorylmethyl ester (12ing, 0.04 mmol). The 
solution was stirred overnight at and)ient ten^erature. Concentration afforded compound 
117. Compound 117 (22mg, O.OSmmol) was suspended in EtOH (2n]L) and an excess of 
^r^iHt^m Ur^rrxhtrArtAfUi ^mv o '^QmTYinl'i wisi added. The solution Viras stiired at room 



wo 2004/096818 PCT/EP2003/012423 

191 

temperature. After 30 minutes, sodium borohydride (15mg, 0.39mmol) was added again. 
Acetic acid (Iml) in EtOH was added 2 hours later followed by the addition of sodium 
borohydride (15mg, 0.39mmol). After 30 minutes, the sohition was concentrated. The 
residue was dissolved in saturated aqueous NaHCOs and extracted with EtOAc (x3). The 
organic layers were washed with brine and dried over MgS04. The sohition was fik^ned, 
concentrated and purified using a TLC plate (5% CH30H/CH2C]b ) to give 14 mg (80%) oi 
the desired product NMR (CDCI3, SOOmHz): 7.13 (s, IH), 6.83 (s, 2H), 5.16 (s, 2H), 
5*01 (s, IH), 4.51 (s, 2H), 4.14 (m, 4H), 3.15 (m, IH), 3.00 (s, 2H), 2.80 (d, 2H), 2.68 (t, 
2H). 1.97 (s, 2H), 1.33 (t, 6H), 1.29 (d, 6H). 



Example 63 




119 

Title compound 119 was prepared following the sequence of steps described in 
ExBwph 62 by substituting trifhioro-methanesulfonic acul bis-benzyloxy-phosphoryhnethyl 
tster for trifluoro-metbanesulfonic acid diethoTgf^phoqihoiyhnethyl ester. Purification of the 
crude final product on silica gel duted with (23% - 5% CHsOH/CHzC^ ) provided 71 mg 
(65%) of the title compound. 'H NMR (CDQa. 500 MHz): 7.35 (s. lOH), 7. 1 1 (s»lH) 6.82 
(S, 2H), 5.16 (s. 2M), 5.04 (d, 4H). 4.99 (s, IH), 4.49 (s, 2H), 3.15 (m. IH). 2.96 (s, 2H), 2.81 
(d, 2H), 2.63 (t, 2H), 1.91 (s, 2H), 1.29ppni(d, 6H). 

KYample fid 
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C3H 




120 



Coo^poiind 119 was stirred in 4M HO/dioxane ovonigfat at ambieiit temperatore. The 
mixture was concentrated and purified using HPLC (20% CH3CN/H2O) to provide 20 sag of 
the title compound 120. 'H NMR (CP3OD3, 500 MHz) 7.33 (s,lH) 7.00 (s, 2H), 5.22 (s, 
2H), 5.12 (s, IH), 4.79 (s, 2H), 3.80 (s, 2H), 3.49 (s, 2H), 3.23 (m, 2H), 3.21 (hi, IH), 2.40 
(s, 2I^>, 1.28 (d, 6H). 



Exanq)le65 



OMe 
P^Me 




121 

Compound 121 was prepared following the sequence of steps described in Exaii^ '62 
by spbstituttDg trifluoro-metbanesulfonic acid dim^faoxy-phosphoryl^yl esta" for trifluoro- 

♦ 

metbanesulfonic acid d^ho^^-pho^hor^methyl ester. Purification of the crude final product 
on ILC plate ehited with (5% CH3OH/CH2CI2 ) provided 1 1 mg (65%) of the titte confound. 
'H NMR iCDO), 500 MHz): 7.34 (d, 2H). 7.20 (d, 2H). 7.19 (d,lH) 7.13 (s, IH). 6.83 (s, 
2H), 5.18 (s, 2H), 5.03 (s, IH), 4.98 (m, IH), 4.52 (s, 2H), 4.22 (m, 2H), 3.15 (m. IH), 2.91 
(s, 2H), 2.81 (s, 2H), 2,54 (s, 2H), 2.29 (m, 2H). 2.01 (d. 2H), 1.56 (d, 3H), 1.38 (d,3H), 1.28 
(q, 3H), 1.28 (d, 6H). 
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FTample 66 




A solution of 25 (33.2 mg, 0.081 imnol) in DMF(3 mL) under N2 at OX was treated 
with NaH. After stirriig at 0°C for 10 nun, 95 (23 mg, 0.077 mmol) was added, and the 
r^uUing mixture was stowly raised to room tenqierature and stirred at room tenq>erature for 8 
h. The mixture was then poured into water» and extracted with EtOAc. The combined 
organic Is^ers were washed with brine, dried (Ni^S04)> fQtered, and evaporated under reduced 

» 

pressure. The crude product was purified on TLC plate (eluted with 3% MeOH/CHzC^ to 
provide 17.9 mg of the title compound 122. NMR (500 MHz. CDCh) 5 8.45 (d, 2H), 7.04 
(t, IH), 6.88 (d, 2H), 6.67 (d, 2H), 5.24 (s, 2H), 4.67 (s, 2H), 5.02 (m. IH), 4.27 (bs, 2H), 
4.22 (bs, 2H), 4.19 (m, 4H), 3,82 (m, 2H), 3.16 (m, IH), 1.35 (t, 6H), L30 (d, 6H). ^^P NMR 
(300 MHz. CDCk) 5 20.8. 

RifflTn ple 67: Anti-HIV>l Cell Culture Assay 

The assay is based on quantification of the HIV-l-associated cytopathic ejffect by a 
colorimetric detection of the viability of virus-infected cells in the presence or absence of tested 
inhibitors. The HIV-l-induced cell death is det^mined using a metabolic substrate 2.3'bis(2- 
methoxy-4-nitro-5-sulfophenyI)-2H-tetrazolium-5<arboxaniM (XTT) which is converted only 
' by intact cells into a product with specific absorption characteristics as described by Weislow OS. 
Kiser R, Fine DL, Bader J. Shoemaker RH and Boyd MR (1989) / Natl Cancer Inst 81. 577. 



Assay protocol for determination of EC50 : 
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1. Maintain MT2 cells in RPMI-1640 medium supplemented with 5% fetal bovine serum and 
antibiotics. 

2. Infect the ceDs with the wfld-type HTV-l strain niB (Advanced Biotechnologies, 
Columbia, MD) for 3 hours at 3TC using the virus inoculum coiresponding to a 
multiplicity of infection equal to 0.01 . 

3. Distribute the infected cells into a 96-weIl plate (20,000 ceDs in 100 )jL/well) and add 

various concentrations of the tested inhibitor in triplicate (100 pLAvell in culture media). 
Include untreated infected and untreated mock-infected control cells. 

4. Incubate the ceDs for 5 days at 37°C 

5. Prepare XTT solution (6 ml per assay plate) at a concentration of ImgfmL in a phosphate- 
buffered saline pH 7.4. Heat the solution in water-bath for 5 min at SS^'C Add SO of 
N-methy^henazonium methasul&te (S |xg^mL) per 6 mL of XTT sohition. 

6. Remove 100 |xL media from each well on the assay plate. 

7. Add 100 |iL of the XTT substrate solution per well and incubate at 37''C for 45 to 60 min 
in a CO2 incubator. 

8. Add 20 |iL of 2% Triton X-100 per weD to inactivate the virus. 

9. Read the absorbance at 450 nm with sul^iacting off the background absorbance at 650 

10. Plot the percentage absorbance relative to untreated control and estimate the EC50 value 
as drug concentration resulting in a 50% protection of the infected ceDs. 

Example 68: Cytotoxicitv Cell Chilture Assay (Determination of CC50): 

The assay is based on the evaluation of cytotoxk: efikct of tested con^unds using a 
metabolic substrate 2,3-bis(2-methoxy-4-nitro-S-sulfophenyl)T2H-tetrazofium-5-carboxaniM 
(XTT) as described by Weislo w OS, Kiser R, Fine DL, Bader J, Shoemaker RH and Boyd MR 
(1989) J Natl Cancer Ins 81, 577. 

Assav protocol for determination of CC50: 

L Maintain NfT-2 cells in RPM-1640 medium siqpplem^ted with 5% fetal b^ 
antibiotics. 

2. Distribute the cells into a 96-weIl plate (20,000 cell m 100 pL media per well) and add 

various concentrations of the tested compound in trqilicate (100 pLfsi^eV). Include 
imtreated control 
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3. Incubate the cells for 5 days at SV'^C 

4. Prepare XTT solution (6 ml per assay plate) in dark at a concentration of 2mg/mL in a 
phosphate-Iniffered saline pH 7,4. Heat the solution in a wator-bath at 55**C for 5 mia 
Add 50 jiL of N-methylphenazonium methasulfete (5 Jig/mL) per 6 mL of XTT solution. 

5. Remove 100 pL media from each well on the assay plate and add 100 jiL of the XTT 
substrate solution p^ well Incubate at 3TC for 45 to 60 min in a CO2 incubator. 

6- Add 20 pL of 2% Triton X-100 p«r well to stop the metabolic conversion of XTT. 

7. Read the absorbance at 450 nm with subtracting off the background at 650 nm. 

8. Plot the percentage absorbance relative to untreated control and estimate the CC50 value 
as drug concentration resulting in a 50% inhibition of the cell growth. Consider the 

* 

absorbance being directly proportional to the ceD growth. 

PETT-like pbosphonate NNRTI compounds 

The PETT class of confound has demonstrated activity in inhibiting HIV replicatioa 
The present invratbn provides novel anatogs of PETT class of compound Such novel PETT 
analogs possess all the utilities of PETT and optionally provide cellular accumnlatk>n as set 
forth below. 





trovirdine 



Rt = H, F, CI. OMe Z = CH 

R2 = H, F, CI. OMe Z = N when and R2 are H 

X = a,Br.CN 

^ link = linkage group 

_^R3 R = OAr, O-heteroaryl, amino acid ester 
B substituted OAr, O-heteroaryl 

" Ra = amino acid ester, C)s^XXX)R" 



The int^mediate pbosphonate esters required for conversion into the pjodrug 
pbosphonate moieties bearing amino acid, or lactate esters are shown in Figure 2. 
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Figure 2 

PETT 1 compounds, analogs of trovirdine, are obtained foOowing the procedures 
described in WO/9303022 and/. Med. Chem. 1995, 38, 4929-4936 and 1996, J9,4261-4274. 
Preparation of PETT-like pbosphonate NNRTI coII^)ounds, e.g. phosphonate analog type 2 is 
outlined in Scheme L PETT analog la is obtained following the above mentioned literature 
procedure. AlkyI group of la is then removed using such as, for exanq}Ie BCk to give phenol 
7, many exannples are described in Greme and Wuts, Protecting Groups in Organic Synthesis, 
3"* Editk>n, John WUey and Sons Inc. Conversion of 7 to the desired phosphonate analogs is 
realized by treatment of 7 with the phosphonate reagent 6 under suitaUe conditions. 

For example (Exampte 1), PETT la is treated with BCI3 to give phenol 7. Treatment 
of 7 with phosphonate 6.1 in the presoice of base, for exanqvle, CS2CO3, affords the 
phosphonate 2a.l. Using the above procedure but employing a different phoq)honate reagent 
5 in place of 6.1, corresponding products 2 with different linking groups are obtained 
Scheme 1 




Exaiqple 
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Scheme 2 shows the preparation of phosphonate t)^ 3 m Figure 2. PETTlbis 
obtained as described in WO/9303022 and 7. Med. Chem. 1995» 38, 4929-4936 and 1996, 
59,4261-4274. AOgd group of lb is then removed using such as, for example BCI3 to give 
phenol 8, many examples are described in Greene and Wuts, Protecting Groups in Organic 
Synthesis, 3"^ Edition, John Wiley and Sons Inc* Conversion of 8 to the desired phosphonate 
anabgs is realized by treatment of 8 with the phosphonate reagent 6 under suitable conditions. 

For example (Exanq)le 1)» PETT la is treated with BCI3 to give phenol 7. Treatment 
of 7 with triflate methyl phospbonic acid diethyl ester 6 J in the presence of base, for example, 
C&fiO^t affords the phosphonate 2a»l. Using the above procedure but eiiq>loying a differrat 
phosphonate reagent 6 in place of 6.1, corresponding products 3 with diff^nt linking groups 



are obtained 
Scheme 2 




Example 2 
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Scheme 3 shows of the preparation of the phosphonate linkage of type 4 and 5 to 
PETT. PETT Ic is fest treated with a suitable base to reinove the tMoui^ proton, ^ 
product is then treated with 1 equivafMit of a phosphonate reagent S bearing a leaving group 
such as, for exan^jle, bromine, mesyl, tosyl etc to give the alkylated product 4 and 5: The 
phosphonates 4 and 5 are separated by chroniatography. For example (Example 3), PETT 1, 
in DMF, is treated with sodium hydride followed by one equivalent of bromomethyl 
phosphonic acid diben2yl ester 6-2 to give phosphonate 4a and 5a. Phosphonate product 4a 
and 5a are then separated hy chromatography to give pure 4a and 5a respecthrety. Using the 
above procedure but enipbying a di£Ssrent phosphonate reagent 5 in place of 6.2, 
conesponding products 4 and 5 with different linking groups are obtained. 
Scheme 3 
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Pvrazole-like phosphonate NNRTI compounds 

The present invention includes pyrazole-like phosphonate NNRTI compounds and 
describes methods for their preparation. Pyrazole-like phosphonate NNRTI cosqpoimds are 
potential anthHTV agents. 



Figure 1 



Rii R21 Rs and R4, X are defined as 
described in Patent WO(^/D4424. 



= A 



link 



9 



link = nnkage group 
,R5 R = OAr, 0-heteroaryl, amino acid ester 
substituted OAr, Oheteroaryl 
R5 = amino acid ester, CXy^OOR" 



A link group includes a portion of the structure that links two substructures, one of 
which is pyrazole class of HIV inhibiting agents having the genial formula shown above, the 
oth^ is a phosphonate group bearing the appropriate R and R5 groups* The link has at least 
one uninterrupted chain of atoms other than hydrogen. 

Pyrazole class of compounds has shown to be inhibitors of HIV RT. The present 
invention provides novel analogs of pyrazole class of compound. Such novel pyrazole analogs 
possess all the utilities of p3amoles and optionally provide cellular accumulation as set forth 
below. 

The intermediate phosphonate esters required for conversion into the prodrug 
phosphonate moieties bearing amino acid, or lactate esters are shown in Figure 2, where Ri, 
R2, R3, R4 and X are as described in WO02/04424. 
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Figure 2 



Pyrazole 1 is obtained foOowing the procedures described in W(X)2/04424. 
PreparatioD of phosphonate analog type 2 is outlined in Scheme 1. Pyrazole analog la, which 
R2 bears a fonction group can be used as attaching site for phosphonate prodrug* is obtained as 
described in the above mentioned literature. Conversionof la to the desired phosphonate 
analogs is realized fay treatment of 2a with the phosphonate reagent 4 under suitable 
conditions. 

For exainple (Example 1), treatment of pyrazole la.l with phosphonate 4»1 in the 
presence of base, for exanq>le, Mg(OtBu) 2> affords the phosphonate 2a.l. Using the above 
procedure but employing a different phosphonate reagent 4 in place of 4*1, coiresponding 
products 2a with different linking groups are obtained Alternatively, activation of the 
hydro3Qrl group with bi5(4-nitrophenyl) carbonate, following by treatment with amino ethyl 
phosphonate 4 J provides pho^honate 2a.2. Using different phosphonate 4 in place of 4.2 
and/or differrat methods for linking them together affords 2 with different luiker. 



Scteme 1 




2a 
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Scheme 2 ^ws the preparation of phosf^nate type 3 coDjugate to pyrazote in Figure 
2. Pyrazole lb» bearing a fiinctioiial group at position Ri can be used as attaching site for 
phosphonate prodrug, is obtained as described in WO02/04424* Conversion of lb to the 
desired phosphonate 3 analogs is realized by treatment of lb with the phosphonate reagent 4 
under suitable conditions. For example (Exanople 2), pyrazole lb reacts with phosphonate 4.3 
in the presence of tri{)henyl pbosphine and DEAD in THF» affords the phosphonate 3a*l. 
Phosphonate 3bJ2 is obtained by first reducmg the ester to alcohol, and then by treating the 
resulting alcohol with tiicbloroacetyl isocyanate, and followed by alumina. Using the above 
procedure but enq^loying a different phosplpnate reagent 4 in place of 43, corresponding 
products 3 with different linking groups are obtained 



Scheme 2 



lb 



ORs 
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Alternatively, as shown in Example 3, reaction of pyrazolone lb.l with a moiety 
bearing a protected function group which can be used to attach phosphonate, for example 
benzyl alcohol with a protected hydroxy! or amino group, under Mitsunobu condition affords 
conDpound 5. The protecting group of Z is then removed, and the resulting product is reacted 
with phosphonate reagent yields pbosphonate 3b.l. Phosphonate 3b.l is converted to 
phosphonate 3b Jl following the procedures described .Exanq[)le 2. Reaction of pyrazolone 
lb. 1 with boizyl alcohol 6b with PhaP/DEAD produces 5a. The protecting group MOM- is 
then removed with TFA to give phenol 5b. Treatment of phenol with triflate methyl 
phosphonic acid dibenzji ester 4a to give phosphonate 3b.ll» whiph is also conv^ed to 3b.2 
type of conqpound 



Example 3 
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^iJ^N^MOM CI 
x\^B "^^^^^•-'^^ 6a 

O PhaP, DEAD, THF q 




EtO-p^Tf 




3b.11 



Urea-PETT-like phosphonate NNRTI compounds 

The present invention include describes Urea-PEIT-like phosphonate NNRH 
conqjounds and methods for their pr^aratioa Urea-PETT-hke phosphonate NNRTI 
conipounds are potoitial anti-HIV agents. 




N ^ 



= A 



R3 = F, CI. OMe 




MIV-150 



link— ^ 



O „ 



link = linkage group 

R = OAr, O-heteroaryl, antino add ester 

substituted OAr, O-heteroaryl 
Rt - amino acid ester, Q^COOR" 

R^ 



Figure 1 

A link group includes a portion of the structure that links two substructures, one of 
which is urea-PETT class of HIV inhibiting agents having the general formula shown above, 
the other is a phosphonate group bearing the appropriate R and Rl groups. The link has at 
least one uninterrupted chain of atoms other than hydrogen. 

Urea-PETT class of compound has demonstrated activity in inhibiting HIV replication. 
The present Invention provides novel analogs of urea-PETT class of compound. Such novel 
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urea-PETT analogs possess all the utilities of urea-PETT and optionally provide cellular 
accumulation as set forth below. 



The intennediate phosphonate esters required for conversion into the prodrug 
phosphonate moieties bearing anaino acid, or lactate esters are shown in Figure 1 




^DR2 
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Figure 2 

Preparatk)n of phosphonate analog type 2 is outlined in Scheme 1. Urea-PETT 1 is 
described in US Patent No. 6486183 and /. Med. Chem. 1999, 42, 41S0-4160. Conversion of 
1 to the desired phosphonate analogs is realized by treatment of 1 with the phosphonate 
reagfflt 5 undar suitable conditions. For exainple (Exainple 1), urea-PETT la is activated as it 
p-nitro-pbenol carbonate by reacting with bis(4-nitrophenyl)carbonate. Reaction of tlie 
resulting carbonate with anuno ethyl phosphonate 5*1 in the presence of base, for example, 
Hunig's base, affords the phosphonate 2A. 



Scheme 1 




Scheme 2 shows of the preparation of the phosphonate linkage of type 2 and 3 to urea- 
PETT. The hyroxyl group of urea-PETT 1 is protected with a suitable protecting group, for 
example, tiityl, silyi, benzyl or MOM- etc to give 6 as described in Greene and Wuts, 
Protecting Groups in Organic Synthesis, 3"^ Edition, John Wiley and Sons Inc. The resulting 
protected urea-PETT 6 is first treated with a suitable base to remove the urea proton, the 
product is then treated with 1 equivalent of a phosphonate reagent 5 bearing a leaving group 
such as, for exanqile, bromine, mesyl, tosyl etc to give the alkylated product 7 and 8. The 
phoq>honates 7 and 8 are separated by cbromatograpl^ and independently deprotected using 
conventional conditions described in Greene and Wuts, Protecting Groups in Organic 
Synthesis, 3"* Edition, John Wiley and Sons Inc. pi 16-12L For exaraplt (Example 2), urea- 
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PETT 1 is protected as t-butyl dimethyl silyl ether 6a by reacting with TBSCl and imidazole. 
ConipouDd 6a, in DMF, is treated with sodium hydride followed by one equivalent of 
bromonoethyl phosphonic acid dibenzyl ester 5*2 to give phosphonate 7a and 8a respectively, 
phosphonates 7a and 8a are separated by chromatography, and then independently 
deprotected by treatment with TB AF in an aprotic solvent such as THF or acetonitrile to give 
3a and 4a respecthrely in which the linkage is a methylene group. Using the above i^ocedure 
but en^loying a different phosphonate reagent 5 in place of 5*2, coiresponding products 3 and 
4 with differ^t linking groups are obtained 



Scheme 2 
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TBS 




^DEt 
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THF 



Nevaripine-like phospbonate NNRTI conyoimds 

The |H«$ent invention describes methods for the prqiaration of idioq)tiODate analogs of 
hevai^ine class of HIV inhibiting agents shown in Figure 1 that are potoitial anti-HIV agents. 

A 



R3 p 



r 

R2 



R2 and R3 are independently H, Ci.6 ^ 
alkyi and 0^.6 cydoalkyl 

link flnkage group 
9 R = OAr, O-heteroaryl, amino acid ester 

link— RT ^ substituted OAr, O-heteroaryl 

" R1 = amino add ester, a. XOOR" 
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Fi gure 1 

A link group includes a portion of the structure that links two substructures, one of 
which is nevapine class of WV inhibiting agents having the general formula shown above, the 
other is a phosphonate groi^ bearing tl^ appropriate R and Rl groups. The link has at least, 
one uninterrupted chain of atonQS other than hydrog^ Nevirapine-type con^unds are 
inhibitors of HIV RT. and nevir^ine is currently used in climcal for treatment of HIV 
infection and AIDs. The present invention provides novel analogs of nevirapine class of 
conipound. Such novel nevirapine analogs possess all the utilities of nevir^ine and optionally 
provide cellular accumulation as set forth below. 

The intermediate phosphonate esters required for conversion into the prodrug 
phosphonate moieties bearing amino acid, or lactate esters are shown in Figure 2. 




Figure 2 

Compound 1 is synthesized as described in US Patent No. S366972 and /. Med. Chem. 
1991, 34, 2231. Preparation of phosphonate analog 2 is outlined in Scheme 1 and 2. Amkle 7 
is prepared as described in US Patent No. 5366972 and / Me<L Chenu 1998, 47, 2960-2971 
and 2972-2984. Amide 7 is converted to d^iyriciodizaepinone 10 foHowing the procedures 
» described in US Patent No. 5366972 and/. Med. Chem. 1998, 2960-2971 and 2972-2984. 
Namely, treatment of dipyridine amide 7 with base provides the dipyridodizaepinone 8. 
Alkylation of the amide N- is achieved with base and alkyls bearing a leaving group, such as, 
for example, bromide, iodide, mesylate etc. Displacement of chloride with p- 
methoxybenzylamine, followed by removal of the p-methoxybenzyl group affords amine 10. 
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Tbe amine group serves as the attachment site for introduction of a phosphonate group. 
Reaction of amine 10 with reagent 6 provides 2 with different linker attached to amine. 

Alternatively (Scheme 2X amine 10 is transformed to phenol II as described in /. MecL 
Chenu 1998, 41, 2912'29M, many exan^Ies are also desoibed in R. C Larock, 
Conyreh^isive Organic Transformation, John Wiley & Sons, 2*^^ Ed. the hydroxyl group then 
serves as the linking site for a suitable phosphonate group. Reactfon of amine 11 with reagent 
6 provides 2 with different linker attached to Iqrdroxyl group. For exancple (Example 1), 
amkfe 7a, obtained as described in /. Med Chem, 1998, 41, 2960-2971 and 2972*2984, is 
treated with sodium hexamethyldisilazane in pyridine to give diazepinone 9a. Amine 10a is 
synthesized &om 9a by displacement of the cbbiide with p-methoxybenzylamine followed by 
removal of the protecting group of amine. Diazotization of the amine 10a and subsequrat in 
situ conversion to hydroi^ yields phenol lla» Phosphonate with dififerent linker is then able to 
be attached at the phenol site. For exaiq>Ie, the phenol is activated as p-nitro-bem^l 
carbonate, subsequent treatnmt with amino ethyl phosphonate 6.1 in the presence of Hnnig's 
base affords carbamate 2ti*l* 



Scheme 1 




10 11 2b 

Example 1 
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Scheme 2 shows the preparation of phosphonate conjugates confounds type 3 in 
Figure 2. Diazapinone 13 is obtained from dipyrido amide 7 foQowing the procedure 
described in /. Med. Chem. 1998, 4U 2960-2971 and 2972-2984, which is thai converted to 
aldehyde 14 and phenol 14a following the procedures in the same literature. Aldehyde 14 and 
phenol 14a are then converted to 3a and 3b respectively reactmg with suitable i^osphonate 
reagoits 6. Amine 14b is obtained using the m^od described in J. Med. Chenu 1998» 41 , 
2960-2971 » which is converted to phosphonate 3c* 

For exanq>Ie (Example 2), anme 14b J, obtained by using the procedures described in 
X Med. Chem. 1998, 41, 2960-2971, reacts with phosphonic acid dibenzjd ester 6 J. under 
reductive amination conditions to give phosphonate 3c.L 
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Schein& 2 




Preparation of phosphonate analog type 4 in Figure 2 is shown in Sdiense 3. 
nevirapine analog 1 is dissolved in suitable solvent such as» for exaiiq}le, DMF or other protic 
solvent* and treated with the phosphonate reagent 9, bearing a leaving group, such as, for 
exan^le, bromine, mesyl, tosyt or tiifiate, in the presence of a suitable organic or inorganic 
base, to give phosphonate 4. For exanq)le, 1 was dissolved in DMF, is treated with sodium 
hydride and 1 equivalent of bromomethyl phosphonic acid dibenzyl ester 6JZ to give 
phosphonate 4a in which the linkage is a methylene group. 
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Scheme 4 shows the preparation of phospbonate type 5 in Hgure 2. Amine 15 is 
prepared according to the procedures described in US Patent No. 5366972 and /. Med Chem. 
1998, 41, 2960-2971 and 2972-2984. Substituted alkyi amines, which beaiic^ a protected 
ammo or hydroxyl group, or a precursor of anmio group, are used in displacemrat of alkyls 
described inUS Patent No. 5366972 and / Med. Chenu 1998, 2960-2971 and 2972-2984, 
react with the chloropyridine 15 in the presoice of base to give amine 16. These alkyl amines 
include but not limit to exanq>les in Scheme 4. These substituted alk^ amines are obtained 
from commercial sources by protection of the amino or hydroxyl group with a smtaUe 
protecting group, for example trityl, sifyl, benzyl etc as described in Greene and Wuts, 
Protecting Groups in Organic Synthesis, 3"* Edition, John Wiley and Sons Inc. Formation of 
the diazepinone ling in the presence of a suitable base produces 17. Rerooval of protecting 
group or conversion to amine group from a precursor, such as a nitro group, followed by 
treatment with reagent 6 yield 5a. For exanq>le (Exan^)Ie 4), the hydroxyl group of 2-hydroxy 
ethylamine is protected as its MOM-ether (19). Selective displacement of 2'-chloro 
substituent of the pyridinecarboxamide ring with substituted ethylamine 19 produce 16a. 
Formation of the diazepinone ring in the presence of sodium hexamethyldisilazane affords 17a* 
MOM- is then removed to provide alcohol 18a. The hydroxyl group is then used for attaching 
the phospbonate group. The alcohol is first converted to carbonate by reacting with bis(4- 
mtrobenzyl)carbonate, subsequent treatment of the resulting carbonate with aminoethyl 
phospbonate 62 provides phospbonate 5a.l. 
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Scheme 5 




Ouinazolinone-like phospbonate NNRTT compounds 

The present invention describes methods for the preparation of phosphonate analogs of 
quinazolinones shown in Figure 1 that are potential anti-HTST agents. 
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= A 



1 H 

s signl, double, triple bond 
3s substituted C^^ aikyl,C3.5 cycloall^ 
phenyl and heterocycBc, substrtuents 
are C1.4 alkyls» OH, Ci^alkoxyi, halides, 
NH2, NHRV, NRi'Ri\ NHCXJRV 

R2 = H, MeO, F, CI 
R3 = H, F,C! 

* m 

O link = linkage group 
A — link — ^ = O-heteroaryl, amino add ester 

R substituted OAr, 0-heteroaryl 
R4 =5 amino add ester, OyyJCOOK' 



R gure 1 



A link group inchides a portion of the structure that links two substructures, one of 
which is quinazolinones having the genial formula shown above, the other is a phosphonate 
group bearing the ^ropriate R and R4 groups. The link has at least one uninterrupted chain 
of atoms other than hydrogen. 

Quinozolinone class of conqpound, act as NNRTI, has demonstrated to inhibit HIV 
rq>Iicatioa DPC-083, one of representative analogs of this class of compounds, is in clinical 
phase n studies for treatment of HTV infection and AIDs. The present inventbn provides 
novel analogs of quinozolinone class of conq)ound. Such novel quinozolinone analogs possess 
all the utilities of quinozolinone and optionally provide cellular accunoulation as set forth 
below. 

The intermediate phosphonate esters required for conversion into the prodrug 
phosphonate moieties bearing ammo acid, or lactate esters are shown in Figure 2. 




I X. ^4<A.kV ^^^^^^ 

(OR5)2 I ^^If^ R/^^^P^ 

PO(OR5)2 " 

4 5 




Figure 2 
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Preparation of phosphonate 2 is outlined in Scheme 1. Quinazolinone 1, synthesized as 
described in Patent EP0530994, WO93/04047 and US Patent No. 6423718, is dissolved in 
suitable solvent such as, for exanqple» DMF or other protic solvent is first treated with a 
suitable base to remove the urea proton^ the product is then treated with 1 equivalent of a 
phosphonate reagent 8 bearing a leaving group such as» for exanople, bromine^ mesyl, tos^ etc 
to give the alkylated product 2 and 3. The phosphonates 2 and 3 are separated by 
chromatography. For example, 1 is dissolved in DMF, is treated with sodium hydride and 1 
equivalent of bromomethyl phosphonic acid diethyl ester 8.1 prepared to give quinazolinone 
phosphonate 2 in which the linkage is a methylene group. Using the above procedure but 
enq)ioying different phosphonate reagents 8 in place of &1, the corresponding products 2 and 
3 are obtained bearing different linking group. 



Scheme I 




Scheme 2 shows the preparation of phosphonate analogs type 2 and 3 attached with an 
alternative way. Quinazolinone 1, dissolved in a suitable solvent such as, for example^ DMF 
or other protic solvents, is iSrst treated with a suitable base to remove the urea proton, the 
product is then treated with 1 equivalent of reagent B, which bears a leaving group such as, 
for exan^le, bronune, mesyl, tosyl etc, to give the alkylated product 7a and 7b. Conq)ound B 
possesses a protected NHz or OH group, or a precursor for them. The aSkybted product 7a 
and 7b are separated by chromatography. Protecting group is then removed, and the resulting 
alcohol or amine then react$ with reagent 8 to afford 2b and 3b respective^. 
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Altematively (Scheme 3), alkylatbn of! with hromoacetate provides 9a and 9b, which 
are separated by chromatography. The estw group of 9 is reduced to alcohol to give 10. The 
alcohol 11 is also transfonned to amine 12 under conventional conditions, many examples are 
described in R. C Latock, Con^rehensive Organic Transformation, John Wiley & Sons, 2"* 
Ed. The hydrqxyl group of 10 and amino group of 12 then serve as the attachment site for 
linking phosphonate to provide 2c. Similarly, ester 10a is converted to phosphonate 3c 
following the procedures of transfoimatioo of 10 to 2c. 



Scheme 2 
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Sch^ne 4 shows the preparation of quiDazolinone-phosphonate conjugates type 4 in 
Rgure 2. Substituted aniline 6 with a functional group Z. which is bearing a protected alcohol 
or amino group, or protected alcohol or amino alkyl, is converted to trifluoromethyl pheiiyl 
. ketone 13, which iis subsequently converted to quinozolinone 14a, foQowing the procedure 
described in US Patent No. 6423718. Deprotection of the protecting group, followed hy 
reacting with reagents 8 under suitable conditions ^ve the desired the phosphonate 4a. 
Quinazoline 14b, prepared according to US Patent No. 6423718, is converted to phosphonate 
4b by reacting with phosphonate reagent 8 directly (R3=NH2), or after deprofection 
(R3=OMe) under the condition such as for exan5)le, BQa, many examples are described in 
Greene and Wuts, Protecting Groups in Organic Synthesis, 3"* Edition, John Wiley and Sons 
Inc. Synthesis of conqpound 6 is described in Scheme 5. 
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Scheme S shows coiopounds 6 are obtained through modification of commercial 
available material Z-halo-S-nitroaniline, or 5-halO'-2:mtroamline (6*0a). The amino group of 
6 0a is first protected with a suitable protecting group, fox example trityl, Cbz» or Boc etc as 
described in Greene and Wuts, Protecting Groups in Organic Synthesis, 3 Edition, John 
Wiky and Sons Inc. Reduction of the nitro group of 6.1a with a reducing agent, mai^ 
examples are described in R. C. Larock, Comprehensive Organic Transformation, John Wiley 

< 

& Sons» 2°^ Ed, gives 6.1b, which is then used in tte transformation described in Scheme 4. 

The amino group of 6.0a is converted to l^droxyl group to give 6.2a by established 
procedures, for exan^le, diazotizatibn followed by treatment with H2O/H2SO4, many 
examples are described in R. C. Laiock, Con^rehensive Organic Transfoimation, John Wiley 
& Sons, 2°^ Ed. The hydroxyl group is then iHT>tected with a suitable protecting groiqp, for 
example trityl ethers, silyl ethers, methoxy methyl ethers etc as described in Greene and Wuts, 
Protecting Groups in Organic Synthesfc, 3"* Edition, John Wifey and Sons Inc. The nitro 
grpup of the resulting confound is then reduced with the above mentioned methods to give 
6.2b, which is then used in the transformation described in Scheme 4. 
The hydroxyl or amino alkyls are obtained using the following methods. The amino group of 
.6.0a is converted to nitxile 6Ja with the known method, for exanq>ie diazotization followed 
by treatment with cuprous cyanide, many exanq>le$ are described in R. C Larock, 
Con^rdbensive Organic Transformation, John Wiley & Sons, 2^ Ed The nitrile group is then 
' selectively reduced with a reducing agent, many examples are described in R« C Larock, 
Conoprehensive Organic Transformation, John Wiley & Sons, 2"'^ Ed, to give amine 6 Jb. With 
the mentioned methods above, the amino group is protected and nitro group is reduced 
respectively to give 6.3c. Alternatively, the nitrite 6.3a is converted to add 6.4a and the acid 
is subsequently reduced to alcohol to give 6.4b using the exan^>les described in R. C. Larock, 
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CoiBprehensive Organic Transfonnation, John Wiley & Sons, 2"^ Ed. Similarly, protection of 
hydroxyl group followed by reduction of nitro to amine gives 6.4c Con?K)und 6.3c and 6.4e 
are used in Scheme 4 respectively. 

The homologated hydroxy] or amino alkyls are obtained using the following methods . 
(Scheme 3). The acid 6.4a are extaided to add 6j5a, which is transformed to nitrile 6.5b, 
these two transfoimation are described in R. C Larock, Con^h^sive Organic 
Transformation, John Wiley & Sons, 2"^ Ed, NitiOe 6Jb is converted to aniline 6^ usmg the 
snnilar methods described above. AltOTiatively, nitrile 6.5b is obtamed by first convert benzyl 
alcohol 6.4b to benzyl halide, then treated with CN- nucleophile. Reduction of acid 6.5a 
provided alcohol 6.6b, which is protected using the protecting groups described above to give 
the required aniline 6.6c Con?)ound 6.5c and 6.6c are used in Scheme 4 respectivefy. 

For example aniline 6.0a (Example 2) is treated with NaNOa in the presence of acid at 
C^Q then the resulting mixture was heated in H2O to give phenol 6.2a. The hydroxyl group is 
then protected as methoxyl methyl ether by treating phenol 6.2a with MOMQ in the presence 





Illl 


II 





is converted to phenyl trifluoromethyl ketone 13a.l, whk±i is subsequently transformed to 
qumazolinotte anabg 14a.l, using the method described in US Patent No. 6423718. 
Deprotection of the MOM-ether with trifhioroacidic add provkies phenol 15. Treatment of 
15» in acetonitrile, with trifiate methyl pbosphomc add dibenzyl ester 8.2 in the presence of 
CS2CO3 gives 4a. 1. Alternatively, reaction of phenol 15 with ethylenedk>l undo: the 
Mitsunobu conditbn produces 16. Hydroxyl group of 16 as activated as carbamate, 
subsequent treatment with amino methyl phosphonate 8.3 affords phosphonate analog 4sl2. 

Example 3 shows 2-chloro-5-nitro aniline 6.0b transformed to nitrile 6 Jla by reacting 
with NaNOz and then CuCN subsequent^. Hydrpfysis of nitrile 631a gives add 6.41a. 
Treatment of 6.41a with aCOOEt in the presence of base at 0°C followed by CH2N2 provides 
diazoketone, which is converted to methyl ester 6.51a upon treating with silver perchtorate in 

* 

methanol The est^ group is th^ reduced to give alcohol, which is protected as MOM-ether 
to provide 6.61c. The nitro group is then reduced to anune to afford 6b. Aniline 6b is 
converted to qdnazolinone analog 14 usmg the method described in US Patent No. 6423718. 
Deprotection of the MOM-ether with trifluoroacidk acid provkie alcohol 16. The aldehyde 
17 is obtained by oxidation of akohoL Reductive amination of 17 with ammo ethyl 
phosphonate 8.4 afford analog 4a.3. 

Scheme 5 
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14a.1 H 




15 H 
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9* ? 1)CIC00Et, 

NCX. NaOH ^OOiX,J^ cHsNg 




6.31 aN02 



6.41a WOg 



2) AgCI04, MeOH 



MeOOC'''"Yfl 

' V 

6£1a NOz 



1) UBH4 



2) MOMCI, iPrzNEt 




H2 



6.61c NOz 






14cH 

EtOOC^ 



I 8.' 



Pr^aration of phoq)boi]ate analog type 5 from quinazolinone 1 is outlined in Schrane 
6. Quinazolittone 1, which R| contams OH^ or Nli^ or NHRi' as the attachment site for 
c(Hmectiitg phosphonate, reacts with reagent 8 under suitable conditions to provide 
phosphonate analog 5. For exan^le (Exan^le 4), Quinozalinone lb,l, obtained as described 
in US Patent No. 6423718, is treated with phosphonate reag^ts 8.2 in the presou^e of 
Cs2CX)3» give phosphonate 5a. 



Scheme 3 





H 



Ri: defined as above but contains OH, HHz 
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BnO 8.2 
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Efavirenz-like phosphonate NNRH comDOunds 

The present invention includes efavirenz-like phosphonate NNRTI conq)ounds and 
methods for the preparation of efavirenz phosphonate analogs shown in Figure 1. 




= EFV 



EFV— link-|r"i 



link - linkage group 

R = OAr, 0-heteroaryl, amino acid ester 

substituted OAr, 0-heteroaryi 
R1 = amino add ester, CL^OOR" 



Rgure 1. 

A link group includes a portion of the structure that links two substructures, one of 
which is efavirenz having the graeral formula shown above» the other is a phosphonate group 
bearing the appropriate R and Rt groups. The link has at least one uninterrupted cham of 

atoms other than hydrogen. 

E&virenz and its analogs have demonstrated therapeutic adtivity against HIV 
replication, and efavirenz is currently used in climcal for treatment of HIV infectbn and AIDS. 
The present invention provides novel anafegs of efavirenz. Such novel e&virenz analogs 
possess an the utilities of efavirenz and optionally provide celhilar accumulatk>n as set forth 
below. 

The intmnediate phosphonate esters required for conversion into the prodrug 
phosphonate moieties bearing amino add, or lactate esters are shown in Rgure 2. 




CI 

(R20)20P— fink 




A 



fink— PO(OR2)2 



link-H30(0R2)2 



3 H 



4 H 
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Coiif»>und 1 can be synthesized as described in US Patent No. 5519021. Prq)aration 
of compound 2 from efavirenz 1 is outlined in Scheme 1 . Efavirenz 1 is dissolved in suitable 
solvent such as, for exain>le, DMF or other protic solvent, and treated with the phosphonate 
reagent 5 in the presence of a suitable organic or inorganic base. For example, 1 is dissolved 
in DMF, is treated with sodium hydride and 1 equivalent of triflate methyl phosphonic acid 
dibenzyl ester 5.1 prepared to give EFV phosphonate 2 in which the linkage is a methylene 
group. Using the above procedure but empbying different phosphonate reagents 5 in place of 
5.1, the corresponding products 2 are obtained bearing diff^^ent linking group. 
Scheme 1> 




Scheme 2 shows the preparation of EFV-phosphbnate conjugates coiq>ounds 3 in 
Figure 2. p-Qdoro aniline with functional group Z, which bears a protected akohol or ami 
group, or protected alcohol or amino allQrl, is oonvated to compound 7 following the 
procedure described in US Patent No. SS1902L Deprotection of the protecting group, 
followed by reacting with reagent 5 m the above mentioned conditions give the desired the 
compound 3. As shown in Scheme 3, conq>ounds 6 are obtained through modilBcation of 
commercial available material 2-chk>n>-5-nitroaniline, or S-chbro-2*nitFoanil!ne (6.0a). 

Scheme 2 
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(R20)20P— link ^ 




3 H 




3), for example trityl, Cbz, or Boc etc as described in Greene and Wuts, Protecting Groups in 
Organic Synthesis, 3"* Edition, John Wiley and Sons Inc. Reduction of the nilro group in 6.1a 
with a reducing ag^t» many examples are described in R. C. Larock, Con^rehensive Organic 
Transformation, John Wiley &. Sons, 2""^ Ed, give 6.1b, which is then used in the 
transformation described in Scheme 2. 

Alternatively, the amino group of 6»0a is converted to hydroxyl group to give 6.2a by 
established procedures, for example, diazotization followed by treatment with H2O/H2SO4, 
many examples are described in R. C Larock, Comprehensive Organic Transformation, John 
Wiley & Sons, 2"* Ed. The hydroxyl group is then protected with a suitable protecting group, 
for example trityl ethers, silyl ethers, methoxy methyl ethers etc as described in Greene and 
Wuts, Protecting Groups in Organic Synthesis, 3"* Edition, John Wiley and Sons Inc. The 
nitro group of the resulting coiiq[)ound is then reduced with the above mentioned methods to 
give 6.2b, which is then used in the transformation described in Scheme 2. 

The bydro^l or amino alkyls are obtained using the following methods. The amino 
group in 6.0a is converted to nitrOe 6.3a with the known method, for exanq>le diazotization 
folbwed by treatnient with cuprous cyanide, many examples are described in 
Comprdienshre Organic Transformatbn, John Wiley & Sons, 2*^ Ed. The nitrile group is theia 
selectively reduced with a reducing agent, many examptes are described in R. C. Larock, 
Con^rehcnsive Oi^anic Transfonnatfon, John Wley & Sons, 2™* Ed, to give amine 6 Jb. With 
the mentioned methods above, the amino group is protected and nitro group is reduced 
respectively to give 63c. In addition, the nitrile 6.3a is converted to acid 6.4a and the add is 
subsequently reduced to alcohol to give 6.4b| and the reduction of nitro to amine give 6«4c, 
using the methods described m R. C. Larock, Comprehensive Organic Transformation, John 
Wiley & Sons, 2"^ Ed. Both 63c and 6.4c used in the transformation described in Scheme 2. 
The homotogated hydroxyl or amino aBcyls are obtained using the following methods (Scheme 
3). The acid 6.4a are extended to acid 6 Ja, wluch is transformed to nitrile 6.Sb, these two 
transformation are described in R. C Larock, Comprehensive Organic Transfommtion, John 
Wiey'& Sons, 2"* Ed, Nitrile 6.5b is converted to aniline 6.5c using the similar methods 
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described above. Alternatively, nitrfle 6.5b is obtained by first convert benzyl alcohol 6.4b to 
benzyl halide, then treated with CN- nucieophfle. Reduction of acid 6.5a provided alcohol 
6.6b, which is protected using the protecting groups described above to give the required 
aniline 6.6c. Both 6Jc and 6.6c used in the transformation described in Scheme 1 

For exaiiq)le aniline 6.0a (Exanople 2) is treated with NaNOz in the presence of acid at 
0°C, then the resulting mixture was heated in H2O to give phenol 6Ja. The hydroxyl group is 
then protected as methojgrl methyl ediar by treating phenol 6.2a with MOMQ in the presence 
ofHunig's base to yield 6.21b. Hydrogenation of nitrobenzene affords aniline 6.2a. Aniline 
6a is converted to efavirenz analog 7.1. Deprotection of the MOM-ether with trifluoroacidic 
acid provides phenol 8. Treatment of 8 in acetonitrile with (trifluorosulfonylmethyl)- 
phoq>honic acid dibenzyl ester 5 J in the presence of CS2CO3 gives 3a. 

Li Example 3, 2-chloro-5-nitro aniline 6.0b is transformed to nitrile 6 Jla by reacting 
vritfa NaN02 and then CuCN subsequent^. Hydrolysis of nitrile 631a gives acid 6.41a. 
Treatment of 6.41a with OCOOEt in the presence of base at OX followed by CH2N2 jffovides 
diazol^tone, wbich is converted to methyl ester 631a upon treating with silver perchbrate in 
methanol Hie ester group is thm reduced to give alcdiol, which is protected as MOM-etter 
to provide 6.61c The nitro group is then reduced to amine to afford 6b. Aniline 6a is 
converted to efavirenz analog 7.1. I>eprotection of the MOM-ether with trifluoroacetic acid 
provides phenol 9. The aldehyde 10 is obtained by oxidation of aicohoL Reductive aminatk>n 
of 10 with agent 5.2 affords analog 3b. 
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^ PHN-r 




6.0a 




1) NaNOa 



2)H20 ^ 2)H2 

6.0a "^Oa 6.2a NO2 . 
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Example 2 



a 



CI 




Cl 



1) NaN02 MOMa 
Hgi^ II ^ HOf IJ ^ MOMO-r 



2)H20 ^ iPraNB 




^MOM 






0(OBn^ 



CH3CN 



7.1 H 



8 H 



(BnO)201 




Example 3 




1) NaN02 

2) CuCN 




, 9 1)CIC00a, 

NaOH HCX)CxJ>w CH2N2 



H2P2 



6.01a 



6.31^02 



V 

6b41a NOg 



2) Aga04. MeOH 




6.51a NO2 



1)UBH4 



2) MOMCI. iPr2NEt 




OMOM 



6.61 e NOg 





MOM 




7.2 H 



10 H 




Prepaiatioa of compound 2 from efavirenz 1 is outlined in Scheme 4. Coinpound 12, 
obtained as described in US Patent No. 5519021, reacting with Grignjqrd reagent, generated 
from protected acetylene 11 following the procedure described in US Patent No. 5519021, 
gives compound 13a. The hydroxyl group in 11 is protected as its silyl ether, trityl ether etc. 
Removal of the protecting group of 13a yields alcohol 14a. Allqflation of 14a with agent 5 
sSords phosphonate 4.1. Alternatively, compound 15, obtained as described in US Patent No. 
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MeO 




38 



10 



To a solutioD of amine 37 ( 101 mg, 0J22O mmol) in EtOH (5 mL) was added cone. 
Ha(5niL): See Scheme 22. After the reacdon mixture was wanned to 80°C aixl stirred 
16 h, the mixture was concentrated under reduced pressure and partitioned between EtOAc 
and sat NaHCOs. The organic phase was dried over N^S04, filtered, and evaporated under 
reduced pressure. The crude product was chromatographed on silba gel (ebiting 5-7% 
MeOH/CHzCaz) to give [4-isopropyl-5<3-methoxy-phenylsulfanyl)-I-py^ 
imidazol-2-ylJ-inethanol 38 (71 mg, 87%) as a pale yelbw oiL 



15 



Example 18 



HO 



39 



20 



To a solution of alcohol 38 (56 mg, 0. 15 nnnol) in (2 mL) was added IM BBra 
inCH3C]^atO°C See Scheme 22. After the reaction mixture was sdiied for 1 h at (>°C, the 
mixture was partitioned between dfeCfe and sat. NaHCQj. The aqueous phase was 
neutralized with solid NaHCC^ and extracted with CH2Cfc and EtOAc. The organic phase 
was dried over NibS04, Bitered, and evqrarated under reduced pressure. The crude product 
was dnomatogr^hed on silica gel (Siting 5-10% MeOH/CHaCb) to give 3-(2- 

lQrdroxjn)rthyl-5-isopropyl-3-pjTidin4-yhnethyMH-imidazolr4-^ 39 (43 mg, 

81%) as a colorless solid. 



25 Example 19 



25 




PW/i^ 0 3 / 1 24 23 
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40 



To a solution of phenol 39 (25 mg, 0.070 mmol) and triflate (33 mg, 0. 11 nnnoi^ in 
5 THF (2 noL) and CH3CN (2 mL) was added CS2CO3 (46 mg, 0.14 mmol). See Scheme 22. 
A&sr the leaction mixtaiE was stined.for 1 b at room toiqperature, the mixtuie was 
partkioned between EtOAc and water. The organic phase was dried oyer N%S04, filtered, 
and evaporated m6er reduced pressure. The crude product was puri&d by preparative tbin 
layer chromatography (ehiting 10% MeOH/CHaCk) to give [3-(2-Hydroxymethyl-5-isopropyl. 
10 3-pyridm-4-ylmethyl-3H-iniidazol-4-ylsuIfimy5^^^ acid diethyl ester 

40 (10 mg, 28%) as a colorless oiL 



Example 20 

(EtO)2POCH2Q 



15 41 . 

To a solution of diethylphosphonate 40 (10 mg, 0.020 mmol) in THF (2 mL) was 
added trichloroacetyl isocyanate (7 |iL, 0.059 mmol). See Scheme 2Z After the reaction 
mixture was stirred for 30 min at room ten^^erature, the mixture was evaporated under 
20 reduced pressure. To a solution of the concentrated residue in MeOH (2 mL) was added IM 
K2CQ3 (0.2 mL, 0.20 mmol) at 0°C. After the reaction mixture was warmed to room 
temperature and stirred for 3 h, the mixture was partitioned between EtOAc and sat NH4CI 
The organic phase was dried over N%S04, filt^ed, and evaporated under reduced pressure. 
The crude product was purified by preparative thin layer chromatography (ehiting 10% 
MeOH/CH2Cl2) to give [3H2-hydrojQmethyl*5-isoprop)dO-pyridin-4-ylmethyi-^^ 
ylsuKanyO-phenoxymethyQ-phosphonic acM diethyl ester 41 (10 mg, 91%) as a colorless oil 
NMR (500 MHz, CDQa) 5 8.50 (d, 2H), 7.16 (m, IH). 6.85 fm, IH), 6.75 (m. Iffi. 6.73 
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5519021, reacts with aldehyde or ketone to give alcohol 14b, which is converted to analog 4b 
using the conditions cbscribed above. Amine 14c is obtained from alcohol 14b under the 
standard conditions. Amine 14c is converted to phosphonate 4c either by reacting with agent 
5 or reductive amination with a phosphonate reagents containing an aldehyde group. R^r 
exmspky treatment of compound 14 with n-BuLi followed by parafonnaldehyde gives alcohol 
14b.l. Treatment of alcohol 14b*l with Mg(OtBu)2 foOowed by phosphonate provides 
phosphonate 4.2b. * . 



Scheme 4 
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Bepzophenone-like phosphonate NN RTI compounds 

The present invention describes methods for the preparation of phosphonate analogs of 
benzopbenone class of HIV inhibiting pyrimidines shown in Figure 1 that are potential anti- 
HIVagaits. 
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O2ISIH2 



O link = linkage group 

^ ljfil( —l^'^s R = OAr, O-heteroaryt, amino acid ester 

substituted OAr, O-heteroaryt 
R3 3 amho add ester, Q^^^COOR** 

Ri = halide, CRj, CN. NO2. CuaBcyl, 0K\ NHR\ NHR'R^ where E} and are Ci^i alkyl 
R2 = OH 0R\ NHR\ NHR'R', SO2NH2, S02NHR\ SONR'R^ CONH2, C0NHR\ OR' 
whareR^isHorRi 



Figure 1 



A link group includes a portion of the structure that links two substructures, one of 
which is benzopbenone class of HTV inhiWting agents having the general formula shown 
above, the other is a phosphonate group bearing the appropriate R and R3 groups. The link 
has at least one uninterrupted chain of atoms other than hydrogen. 
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Benzophenone class of compounds has shown to be inhibitors of HIV RT. The 
present invention provides novel analogs of benzophenone class of compound. Such novel 
benzophenone analogs possess all the utilities of benzophenone and optionally provide cellular 
accunuilation as set forth below. 

The inteimediate phosphonate esters required for conversion into the prodrug . 
phosphonate moieties bearing amino acid, or lactate e^ets are shown in Figure 2. 




Figure 2 

Preparation of phosphonate analog 4 is outlined in Sch^ne 1. Benzophenone 8 is 
obtained from Fireidel-Crafts reaction of substituted benzoyl chloride 7 and 4-chloro-phenol 
methyl ether which bearing a protected amine or hydroxyl group Z. Phenol ether is obtained 
by selective protection of commercial^ available 4-chlorophenol substituted with amino- or 
hydroxyl group. Benzoyl chloride is obtained either from commercial sources or prepared 
from conuniCTcial available benzoic acid. Benzophenone 8 is also obtained from oxidation of 
the corresponding alcohol, which in turn is obtained from the reaction of benzaldehyde and 
anion. Removal of mett^rl provides phenol 9. Alkylation of phenol with hromoacelate such 
as ethyl bromoacetate affords ester 10. The ester is then converted to acid. Formation of 
amkle 12 from acid 11 and aniline 10 is achieved following the standard amide formation 
methods, many exarnples are described in R. C. Larock, Comprehensive Organic 
Transformation, John Wiley & Sons, 2"* Ed. Removal of the protecting group of Z followed 
by reactiiig with reagmt 6 affords phosphonate analog 4a. 

For exan^le (Example 1), commercially available 3-cyanobeDZoyl chtoride is treated 
with tricMoroaluminum followed by 3,4-dimethoxy cMorobenzene to give benzophenone 8a. 
Treatment of 8 with BCI3 removes the methyl to give diphenol, which is selectWely protected 
as its mono MOM-ether to give 9a. Alkylation of phenol 9a with ethyl bromoacetate gives 
ester 10a. Hydrolysis of the ester affords acid 11a. Coupling if the acid 11a with aniline 
produces 12a. The MOM- group is then renaoved to yield phenol 12b. Phenol is then 
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activated as its 4-mtro-phenyl carbonate by reacting with bis(4-TUtr€)-phenyl)carbonate, which 
is subsequently treated with aininoethyl phospbonate to give 4a. 1* 

Alternatively (Scheme 2), amine 10 is transformed to phenol 1 1 as described in, the hydroxyl 
group is then serves as the linking site for a suitable phospbonate group. 



Scheme 1 




6 ^ 
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Example 1 




Scheme 2 shows the preparation of phosphonate analog type 5. Benzophenone lib 
reacts with aniline 14, bearing a protect hydroxyl or amino group, gives amide 13. Formation 
of amide 13 from acid lib and aniline 14 is achieved following the standard anude formation 
methods, many exan5)les are described in R. C. Larock, Comprehensive Qrgank: 

■ 

Transformation, John Wiley & Sons, 2™^ Ed. Removal of the protecting group of Z followed 
by reacting with reagent 6 affords phosphonate analog 5a. For example (Example 2), acid lib 
couples with aniline 14 provides amide 13a. The MOM-group is then deprotected with TFA 
to a£ford phenol 13b, which is then coupled with hydroxy ethyl phosphonic acid dibenzyl est^ 
in the presence of Fh3P/DEAD to give phosphonate Sa. Protected aniline 14a is obtained by 
treating the commercially available 4-amino-mrcresol with MOMQ in the presence of base« 
for example Hunig's base. 



Scheme 2 
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Pyrinridine-like phosphona te NNRTI compounds 
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The present invention includes Pyriinidine-like phosphonate NNRTI confounds. The 

■ 

present inventbn also includes methods for the preparation of phosphonate analogs of TMC- 
125 and TMC-120 class of HTV inhibiting pyrimidines as shown in Figure 1 which are 
potential anti-HIV agents. 




= A 




X=:NH,0 

Y = H, Br, CI 
Z = CM, CH3 
Q = H,NH2 




2TMC-125 



n link = linkage group 
link — K^"* ^ = O-heteroaryl, amino acid ester 

substituted OAr, O-heteroaryl 
Ri = amino acid ester, CX^XOOR" 

R' 



Hgure 1 



A link group includes a portion of the structure that links two substructures, one of 
which js TMC-120 and TMC-12S class of pyrimidines having the general fbrnmki shown 
above, the other is a phosphonate group bearing the appropriate R and Rl groups. The link 
has at least one uninterrupted chain of atoms other than hydrogen. 

TMC-125 and TMC-120 class of pyrimidiaes have demonstrated to be potent in 
inhibition of HIV replicatioa Both TMC-125 and TMC-120 are cunrently in clinical phase 11 
studies for treatment of HTV infection and AIDs. The present invention provides novel 
analogs of TMC-120 and TMC-125 class of conopound. Such novel TMC-120 and TMC-125 
class analogs possess all the utilities of TMC-120 and TMC-125 class and optionally provide 
cellular accumulation as set forth bebwi 

The intermediate phosphonate esters required for conversion into the prodrug 
phosphonate moieties bearing amino acid, or lactate esters are shown in Hgure 2. 
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Rgure2 



Conq>ound8 1 and 2 can be synthesized as described in US Patent No. 6197779 and 
WO 0027825. Preparation of phosphonate analog 3 and 7 is outlined in Scheme L TMC- 
125 1 is dissolved in suitable solvent sudi as, for example, DMP or other protic solvent, and 
treated with the phosphonate reagent 9, bearing a leaving group, such as, for exanq)le, 
bromine, mesyl, tosyl; or trifluoromethanesulfonyl in the presence of a suitable organic or 
inorganic base, either 3a or 7a is obtained as the major product depending on the base. For 
exanq^le, 1 was dissolved in DMF, is treated mth n-butyl lithium and 1 equivalent of tiiflate 
methyl phosphonic acid dibenzyl ester 9,1 prepared to give phosphonate 3a.l as the major 
product. Alternatively, treatment of 1 with 9.1 in acetonitrile in the presence of triethylamine 
jHTOvides 7a.l as the major product. The above procedure provides phosphonate analog 3 in 
which the linkage is a noethjiene group. Using the above procedure but enq>loying different 
phosphonate reagents 9 in place of 9.1« the corresponding products 3 and 7 are obtained 
bearing different linking group* 



Wp 2004/096818 PCT/EP2003/012423 

237 

Scheme 1 




. Example 1 




Scheme 2 shows the preparatioD of phosphonate conjugates compounds type 3 and 8 
in Figure 2. TMC-120 2 is treated with base, and subsequratly treated with phosphonate 
reagent 9 bearing a leaving group, such as, for exanople, bromine, mesyl, tosyl, or 
trifhioromethanesulfonyl. The alkylated products are then sq)arated by chronoatograpby. For 
example (Example 2), treatment of lMC-120 2 with NaH in DMF, followed by bromomethyl 
phosphonic acid dibenzyl ester 9.2 gives phosphonate 3b»l and 8a.l. The nuxture of 
phospbonates 3b.l and 8a.l is separated by chromatography to give pure 3b.l and 8a.l 
respectively. 

Scheme 2 



4 
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3b.1 8a.1 



Preparation of phosphonate analogs type 4 in Fignre 2 is shown in Scheme 3, 4 and 5* 
Nitration of conun^ciaQy available 3,5-diniethyl phenol 10 gives 11, subsequent reduction of 
the resulting nitrobenzei^ 11 provide 12, many exaiqples are described in R. C. Larod^ 
Comprehensive Organic Transformation, John WOey & Sons, 2°^ Ed. The hydro^l groiq) of 
phenol 12 is [HX>tected with a suitable protecting group, for example trityl, sil^ benzyl or 
MOM- etc to give 13 as described in Greene and Wuts, Protecting Groups in Organic 
Synthesis, 3"* Edition, John ^ey and Sons Inc. Treatment of 14 with 13 foDowing the 
procedures described in US Patent No. 6197779 and WO 0027825 give 15. Removal of the 
protecting group gives phenol 16. Reaction of phenol 16 with phosphonate reagent 9 in the 
presence of base in a protic solvent provides 4a. Nitration (Scheme 4) of commercially 
avaflable 2,6-dimethyl phenol provides 18. Reduction of nitro group to amine, followed by 
protection of the resultant amine with protecting group, for example, such as trityl, Boc, Cbz 
etc as described in Greene and Wuts, Protecting Groups in Organic Synthesis, 3"* Edition, 
John Wiley and Sons Inc. Treatment of 14a with 19 following the procedures described in US 
Patent No. 6197779 and WO 0027825 give 20. Phenol 21 is obtained by treating 20 with 
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NH3 using the procedure described in US Patent No. 6197779 and WO 0027825, followed by 
removal of tbe protecting group. Reaction of phenol 21 with phosphonate reagent 9 provides 
4b. As shown in Scheme 5, the commercially available 2,6-dimethyl-4-cyano-phenol 22 is 
reduced to benzyl amine, and the resiiltant amine is protected as described above. Phenol 23 is 
converted to phosphonate 4c following the procedure described above for the transformation 
19 to 4b, just replace 19 with 23. For exaiiq>le (Example 3)» nitration of 2,6-dimethyl phenol 
with HNQs in H2SO4 gives phenol 18. The nitro group is reduced under catalytic 
bydrogenation condition, and subsequent protection of the resulting amine with Boc- gives 
phenol 19a. Treatm^t of phenol 18 with sodium hydrkle, followed by reacting the resulting 
sodium phenoxide with 13 in dioxane provides 20a. Raoooval of the Boc- with TFA followed 
by treatment of the resulting product with NH3 in isopropyl alcohol according to US Patent 
No. 6I97779 and WO 0027825 replaces the Q- with NH2 group to give 21. The amine group 
in the phenyl ring is used as attachment site for introduction of phosphonate. Reductive 
amination of amine with aldebyde 9.3 provides 4b.l. Treatment of 21 with p-nitro-phenyl 
carbonate, followed by aminoethyl phosphonate 9.4 affords urea linker 4b.2. 



Scheme 3 




Scheme 4 
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Scheme 6 shows the preparation of pbosphonate type 6 in Hgure 2. Substituted 4- 
anrnio-benzonitriles 24 or 27, \(4uch bearing a protected amino or hydroxyl group, or a 
precursor of amino group, are used in the replac^aient of 4-dmino-benzomtriIe for the 

■ • 

preparation of TMC-12S and TMC-120 class of analogs as described in US Patent No. 
6197779 and WO 0027825. TMC-120 and TMC-125 analogs 25 and 29 are thus obtained 
Removal of protecting group or conversion to amine group from a precursor, such as a nitro 
group, provide 26 or 30 respectively. Treatment of 26 and/or 30 with reagent 9 yield 6a 
and/or 6b respectively. For exan^ple (Exan^Ie 4), the hydroxyl group of 4-amino-2-hyroxy- 
benzonitrile 27a is protected as its MOM-ether to give 28a. Following the procedure in US 
Patent No. 6197779 and WO 0027825, 28a is converted to TMC-120 analog 29a. Removal 
of MOM-ether with TFA provides phenol 30a, which is treated with trifiuoromethylsulfonyl 
phosphonic acid benzyl ester togeth^ with CsaCOa in acetonitrile affords pbosphonate analog 
6bJ. 
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Scheme 6 




Preparation of phospbonate analog t}pe 5 in Figure 2 is shown in Sdieme 7. 

* 

Substituted aniline, which bearing a protected anmo or hydroxyl group, is converted to TMC- 
120 or TMC-125 analogs following the procedures described in US Patent No. 6197779 and 
WO 0027825. Removal of the protecting group gives analog 34. The amino or hydro^qrl 
group in 33 serves as attachment site for introduction of phosphonate. Reaction of 33 with 
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reagent 9 provides 5a. For exanq>le (Example 5), commercially available 2-amino-2,4,6- 
trimethyl-aniline is selectively protected as Boc- carbamate. Reaction of 32a with 13 provides 
33a. Renmval of Boc with TFA affords aniline 34a. Reductive amination with reagent 9.2 
yields phosphonate analog 5a.l. 



Scheme 7 
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SJ3366-like phosphonate NNRTl compounds 



I 
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X = aOcyt Ci -Ctzbranched or straight 
SJ3366 Y = alkyl, alkoxy, with or without Gnk-P0(Ri)(R2) 

Z= Y2-«nk-PO(Ri)(R2) or 
Y2*Aiyl (optionally substituted) 

orYa^dkyl 

Y2=CR2, 0, S, NR (R = H, alkyl CfCia). C=0, COH 





I . Cr^N "-link 

i / 

(R2)(Ri)OP (R2)(Ri)0P 

■ 

Type A [Y = link PO(Ri)(R2)] Type B [Z=link PO(Ri)(R2)] 





PO(OMe)2 

SJ3366 is described in US Patent No. 5922727. The present invention provides novel 
pbosphonate analogs of S J3366 whk:h possess all the utilities of 813366 and optional^ 
provide cellular accunuilation as set forth below. 

The present invention also relates to the delivery of SJ3366-like phosphonate 
compounds which are optionally targeted for site-specific accunuilatfon in cells, tissues or 
organs. More particularly, this invention relates to anabgs of S J3366 which connprise SJ3366 

linked to a P0(Ri)(R2) moiety. 

S J3366 may be covalentfy bonded directly or indirectly by a link to the POCRiX^z) 

moiety. An R group of the P0(Ri)(R2) moiety can possibly be cleaved within the desired 

* 

delivery site, thereby forming an ionic species which does not exit the cell easily. This may 
cause accumulation within the cell and can optionally protect the SJ3366 analog &om 
exposure to metabolic enzymes which would metabolize the analog if not protected within the 
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cell The cleavage may occur as a result of normal displacement by cellular nucleophiles or 
enzymatic action, but is preferably caused to occur selectively at a predetennined release site. 
The advantage of this method is that the SJ3366 analog may optionally be delivered site- 
specifically, may optionally accumulate within the cell and may optionally be shielded from 
metabolic enzymes. 

The foOoYving exanqples iQustrate various aspects of the preset invention and aie not 
to be construed to hmit the types of analogs that may employ this strategy of linking SJ3366 
or an SJ3366 analog to a P0(Ri)(R2) mobty m any manner whatsoever. 

Preparation of compounds of type A require a link which can react with SJ3366 or an 
intermediate or analog thereof to result in a covalent bond between the link and the drug-like 
con]{)ound. The link is also attached to the phosphorous containing moiety as shown in an 
example of type A, namely Al. 

Exan^les of type A can be made by 1-alkylation of the 3-phenacyI derivatives 35 and 
36 (synthesis described in J. Med Chem. 1995, 38, 1860-2865, and so numbered 35 and 36 
therein) with alkyi halide containmg links foHowed by deprotecdon of the 3-phenacyl group. 
An exanople synthesis is as folbws, and is shown in Scheme 1. 6-Benzyi-5-i50propyl-3-(2- 
phagrl-anyl>-dihydro-pyxiniidine-2,4-dione, as prepared in J. Med. Cheno. 1995, 38, 15, 2860- 

* 

2865, is treated analogously to the reference article authors' treatment in preparing their 
compounds 37-40, but in the case of compound Al, comaismsSfy available 
chloromethyldiethylphosphonate is used as the alkylating agent Alternatively the link is 
connected by starting with the same drug-like oonq)ound and using a triflated link. The 
triflated link is prepared, for example, by reaction of a]l}4 bromide with dibenzylphospUte ami 
potassmm carbonate m acetonitrile at 65''C. Ozonolysis of the double bond foUowed by 
treatment with sodiimi borohydride would provide the alcohol, which could then be reacted 
widi triflk anhydride with 2,6 lutidine in dicUoromethane to produce the triflate. The triflated 
material could then be attached by stirring it with, for example 6-Benzyi-5-isopropyI-3-(2- 
phenyl-allyl)-d]hydro-pyrimidine-2,4-d]Otte with 2,6 lutidine or other base in an appropriate 
solvent such as acetone. This procedure will provide exanq>les Al and A2. 
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6-Benzyl-5-!sopropyl-3-(2-oxo-2-phenyl-ethyl) 
-5H-pyrimldine-2,4-dione 




■ 

Scheme 1 can be extended to include analogs with various moieties at C6 in addition to 
substituted benzyl rings. For example, the LDA treatment described in J. Med. Chem. 1995, 
38, 15, 2S60-2865 followed by disulfide addition provides intermediates which can then be 
treated similarly to those in scheme 1 to install the link P0(RiXR2) at the 1 position 
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O ? X X 

O stgps as in scheme 1 link P0(Ri)(R2) 

• R- R' ' 

Scheme 3 also demonstrates a inethod to prepare analogs with o^Q^gen or nitrogen at 
Y2 attached to the 6 position. This method is explained My in J. Med. Chem. 199U 34,1, 
349 - 357. Using this method albws for aiyl and alkyl groups to be attached to the 6 position 
by either oxygen or nitrogen. A specific example is shown in the bottom row of the boxes in 
Scheme 7 betow. 



Scheme 3 
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. I 3H:hloroperfaenzoic acid I . O 



N Y5,-R 



BnO-F5^ 



BncT ° BnO-,1 



I O nudeophtle I 



end" ° H2NAIkyl, H2NAryl " ^x^^^ 



e.g, NaOAr, NaOAIkyI, BnO-p. 



Attematively the 5 position may be fimctionalized aft^ the nucleophile is appended by 
the IPA/water deprotection and alt^lation strategy shown in Scheme 2. Analogs with 
methylene, a secondary alcohol or a ketone at the 6 position are readily prepared following the 
LDA procedure in Scheme 2, but using substituted or unsubstituted PhCOQ in place of a 
disutGde, as is done in J. Med. Qiem. I991» 34, 1 page 3SL The resultant ketone can be 
converted to an oxime ether (Scheme 4), an ether (Scheme 5) or reduced to a methylene 
(Scheme 6)* Scheme 6 can be extended with the deprotection and alkylation steps described 
in Scheme 2. The metlgrlene, secondary alcohol and ether are all described in J. Med. Chem. 
1991, 34, 1 page 349-357, and the oxime ether can be prepared as described below (Scheme 

4). 
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Abematively the ketone containing conjunct could undergo deprotection at the 1 
position and attachment of the link P0(Ri)(R2) as in Schentie 2 above. - 
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Scheme 6 




The above shown cozq>ouods could also have a reactive group at the aryl or a]kyl 
substituent on the 5 or the 6 position that would allow for attachmmt of the P0(RiXK^2) 

» 

. group. These reactive groups are protected by a protecting group, or be present in the form 
of a masked fiinctionality, such as the manner in which a nitro group would mask an amme. 
Scheme 7 shows some more representative exan^les of the many ways an attachment of a 
P6(Ri)(R2) is made. The chemistry involved is explained above, except for the BBr3 
demethylation, which is a common procedure (J.F.W^cOmie and D.E. West, Org. Synth. 
ColIecL VoL V, 412, (1973) for dranethykting metho^^atyi rings. The compounds in box A 
are treated with hydrogen gas and stiired in a solvent such as ^temol or methanol with a 
suspension of 10% palladium on caibon. Tbe anilmes or alcohols are th» treated with a 

triflated PO(Ri)(R2) containing group as described above. 
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Scheme 7 




Delavirdine-like pbospbonate NNRTI compounds 

Diaromatic conqK)unds refer to any diaromatic substituted coiq^ound, more 
specifically, bis(heteroaryl) piperazine (BHAP)» more specifically 1{S- 
metbanesulfonamidoindolyl-2-carbonyl) -4-(3-(l-methykthylanmno)-2-py^ as 
found in US Patent No. 3563142 claim 8 column 90 line 49-51, and pbarmaceutically 
acceptable salts thereof. 
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H 

Delavirdine 



Preparation of coiEpounds of type A, and C require a liok which can react with a 
drug-like compound which is either l{S-methane5u]fonainidoindolyl-2-carbonyl}-4-{3-(l- 
inethykthylaixuno)-2-pyridinyl}piperazine or an intermediate thereof, to resuh in a covalent 
bond betwera the link and the drug-like compound. The link is also attached to the 
.phosphorous containing moiety shown in exanq)les of type A B and Q namely Al, Bl and 
CL 



Scheme 1 




Examples of type A can be made by reacting the aminoindole NHz of the immediate 
precursor to delavirdine (l-[5-amidoindolyl-2-carbonyl]-4-[3Kl-methylethylaniino>2- 
pyridinyQpiperazine, such as exanqile 101 in US Patent No. 5563142, synthesis described 
therdn, with the phosphorous containing moiety having an aldehyde as the reactive part of the 
link. The aldehyde and NH2 group react through a reductive amination reaction, which can be 
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performed by stirring both reagents in, for exainple dicUoroetbane, for approximately two 
hours and then adding acetic acid and sodium cyanoborobydride, or by other standard 
methods known to most organic chemists. Commercially available aldehyde containing 
phosphonates sach as that shown in the bdow schooie 1 can be used to prepare exan^Ie AL. 

This m^hod m^ be extended to synthesize molecules with the link attached at other 
positions on the indole phenyl ring by following the procedures described in US Patent No. 
5563142 but substituting starting materials as relevant to obtain the indole with the desired 
substitution pattern. 

Exanq>les of type B can be prepared by reacting the indole NH of delavirdme with, for 
exanq)Ie, a link which contains an alkyl chloride in the presence of KOH in DMSO as 
described in J. Med. ChenL 34, 3, 1991, 1099-1 110. The alkyl chloride link is for exsnsph 
conaznerciaEy available chlorometbyl diethoxypho^honate, giving exanq>fe B 1 . 



Scheme 2 




81 



Exanq)les of type C can be made by reacting the secondary amine of delavirdine with 
the phosphorous containing moiety having an aldehyde as the reactive part of the link. The 
aldehyde and NH group react through a reductive aminaticMi reaction, which can be performed 
by stining both reagents in, for example dichloroetbane, for approximately two hours and then 
adding acetu: acid and sodium cyanoborobydride, or by other standard methods known to 
most organic chanists. In this exan^le the aldeiijrde containing phosphonate is commercially 
available. This procedure wOl provkle exaiq)le CI. 
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Scheme 3 




^ O 

0- 



(EtO)20P 



as per scheme 1 



H O 



PO(OEt) )=N 




(EtO}20P 




CI 




PO(OB) 






H 



CI 




HN 




yr-N 

Ri-f-lln.0>^ 



TypeB 



Type A 



The present invention provides novel analogs of l{S-niethanesu]fonannidoindolyl-2- 
caibonyl}-4-{3-(l-methylethyIannno>2-pyiid^ Such novel 1{5- 

n3ethanesulfonamidoindolyl-2-carbonyl) -4- { 3-( l-methylethylaD3ino)-2-pyridinyl}piperazine 
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analogs possess all the utilities of 1 {5-niethanesuIfonaniidoindolyl-2-carbottyl)-4-{3-(l- 
inethylethylaiiHno)-2-pyridinyl}pq)era2ine and optionally provide cellular accumulation as set 
forth below. 
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Emivirine-like phosphonate NNRTl comp nunflR 




Y = alkyi, altoxy, with or without link-PO(Ri)(F 
Z= Y2-link-PO(Ri)(R2) or 

Y^-Aiyl (optionally substituted) 

or Y2-all<yl 

y2=CR2. O. S, NR (R = H. alkyI CrCi2), C=C 

can . 




A1 B1 P0(0Me)2 

The present invention provides novel phosphonate anabgs of Emtviiine and 

• . • • » » 

phannaceuticalty acceptable salts th^eof. Emivirine is described in US Patent No. 5461060. 
Such novel EmiviriDe analogs possess aQ the utilities of Emivirine and optionally provide 
cellular accnmulation as set forth below. 

The present invention also relates to the delivery of Endvuine-like phosphonate 
conipounds which are optionaQy targeted for site-specific accumulation in cells, tissues or 
organs. More particularly, this invention relates to analogs of Emivirine which conpise 
Emivirine linked to a PO(Ri)(R2) moiety- 
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Emivirine is covaleatly bonded directly or indirectly by a link to the PO(Ri)(R2) 

moiety. An R group of the P0(Ri)(R2) moiety can possibly be cleaved within the desired 
delivery site, thereby forming an ionic species which does not exit tte ceD easify. This may 
cause accumulation within the cell and can optionally protect the Emivirine analog from 
exposure to metabolic enzymes which would metabolize the analog if not protected within the 
celL The cleavage may occur as a result of normal displacement by ceUular nucleophiles or 
enzymatic action, but is preferably cansed to occur selective^ at a predetermined release site. 
The advantage of this method is that the Emivirine analog may optionally be delivered site- 
specijBcally, may optionally accumulate within the cell and may optionally be shielded from 
metabolic enzymes. 

Link: an aitom or molecule which covaloitly binds together two conq)onents. In the 
present inventbn, a link is intended to include atoms and molecules which can be used to 
covalently bind Emivirine or an analog thereof at one end of the link to the PO(Ri)(R2) at the 
other end of the hnL The link must not prevent the binding of the analog with its appropriate 
receptor. Exan;>les of suitable links include, but are not limited to, pp^methylei^ [-(CH2)n, 
where n is 1-10], ester, anune, carbonate^ carbamate, ether, olefin, aromatic ring, acetai , 
heteroatom containing ring, or any combinatbn of two or more of these units. The 
P0(Ri)(R2) may also be directly attached A skilled artisan win readily recognize other links 
which can be used in accordance with the present invention. 

The preceding Schemes 1-7 for SJ3366-l2ke phosphonate NNRTI con;>ounds illustrate 
various aspects of the present invention and are not to be constmed to hmit the types of 
analogs that may en^loy this strategy of linking Emivirine or an Emivirine anabg to a 

P0(Ri)(R2) moiety in any manner whatsoever. 

Loviridc-like phosphonate NNRTI compounds 

The present invention relates to Loviride-like phosphonate NNRTI compounds and 
their delivery to ceQs, tissue or organs which are optionally targeted for site-specific 
accumulation. More particularly, this invention relates to phosphonate analogs of Loviride, 
and their pharmaceutically acceptable salts and formulations, which coniprise Loviride linked 
to a phosphonate, i.e. P0(RiXR2) moiety. 

The groups Ri-Rio are as described in US Patent No. SSS6886, and also can be link 

« 

PO(Ri)(R2). The present invention provides novel phosphonate analogs of Loviride. Such 
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DovelLoYiride analogs possess all the utilities of NNRTI properties as Loviride and optionally 
provide ceDular accunailation as set forth below. 




Loviride 



Loviride may be covalentfy bonded direcUy or indirect^ by a link to the P0(Ri)(R2) 

moiety. An R group of the P0(Ri)(R2) moieQr can possibly be cleaved within the desired 

*' • * * 

delivery site, thereby forming an ionic species which does not exit the cell easily. This may 
cause accumulation withiii the cell and can optionally protect the Loviride analog from 
e^qposure to metabolic enzymes which would metabolize the analog if not charged or protected 
within the ceL The cleavage may occur as a result of normal displacement by celhilar 
nucleophiles or enzymatic action^ but is preferably caused to occur selectively at a 
predetennmed release site. The advantage of this method is that the Loviride analog may 
optionally be delivered site-speciBcally, may optionally accumulate within the cell and may 
optional^ be shielded from metabolic enzymes. 

The following examples illustrate various aspects of the present invention and are not 
to be construed to limit the types of analogs that may enqpby this strategy of linking Loviride 
or an Loviride anabg to a PO(Ri)(R2) moiety in any manner whatsoever. 
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UC78Mike pbosphonate NNRTI comp onnfiQ 



PCT/EP2003/012423 




The present invention includes UC781*]]ke pbosphonate confounds and 
pharmaceutically acceptable salts thereof. UC781 is described in US Patent No. 6143780. 

A, X, Q and in the formola above are as defined in US Patent No. 6143780. Z 
represents any substitution of the heteroatom ring. Also the heteroatom ring may be sue 
DGtenibered. The present invention provides novel phosphonate analogs of UC78 1 . Such novel 
UC781 analogs possess all the utilities of Emivirine and optionally provide cellular 
accumulation as set forth below. The present invention also relates to the delivery of UC781- 
like phosphonate compounds which are optionally targeted for site-specific accumulation in 
ceOs, tissues or organs. More particularly, this invention relates to analogs of UC781 which 

cooqNdlse UC781 linked to a P0(Ri)(R2> moiety. 

UC781 is covalentfy bonded directly or mdirectly by a link to the P0(Ri)(R2) moiety. 

An R group of the PO(Ri)(R2) moiety can possibly be cleaved within the desired deUveiy s&e, 
thereby forming an ionic ^ecies winch does not exit the cell easily. This may cause 
accumulation within the cdl and can optionally protect the UC781e analog from Gxposatt to 
metabohc enzymes whkh would metabolize the analog if not protected within the cell The 
cleavage may occur as a result of normal displacement by celhilar nucleophiles or enzymatic 
action, but is prefoably cansed to occur selectively at a predetermined release site. The 
advantage of this method is that the UC781 anabg may optionally be delivered site- 
specifically, may optionally accumulate within the cell and may optionally be shielded from 
metabolic enzyn^s. 

Link is any moiety which covalently binds together UC781 or an analog of UC781 and 
a phosphonate group. In the present invention, a link is intended to include atonos and 
molecules which can be used to covalently bind UC781 or an analog thereof at one end of the 

link to the PO(Ri)(R2) at the other end of the link. The link should not prevent the binding of 

die anabg with its appropriate receptor. Exanq>les of suitable links include, but are not 
• limited to, pofymethylene [— (CH2)d, where n is 1-10], ester, amine, carbonate, carbanoate, 
ether, olefin, aromatic ring, acetal, heteroatom containing ring or any combination of two or 
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more of these units. Directattachment of the P0(Ri)(R2) is also possible, A skilled artisan 
will readily recognize other links which can be used in accordance with the present invention. 

The following exan^les illustrate various aspects of the present invention and are not 
to be construed to limit the types of analogs that may enq)loy this strategy of linking UC781 or 
an UC781 anatog to a P0(Ri)(R2) moiety m any manner whatsoever. 

Preparation of conq>ounds of type A may proceed via a link which can react with 
UC781 or an analog or int^mediate thereof, to result in a covalent bond between the link and 
the drug-like compound. The link is also attached to the phosphorous containing moiety as 
shown in an exany>le of type A, namely Al. 

Preparation of N-3-((2K:htorophenoxy)methyl)-4-chtorophenyl-2-methyl-3- 
iurancaibothioamide, compound 12 in scheme 1 and iDta:mediates 2, 4-^1 1, as per US Patent 
No. 6143780, 



Step 1: Preparation of 2-chloro-5-DitrobenzoyI alcohol 30 g of 2-chloro>5-nitrobenzaldehyde 
was dissolved in 500 mL of methanol and cooled to 0°C. A solution of 10 g of sodium 
borohydride in 100 mL of water was then added dropwlse ov^ 90 minutes while maintaining 
the ten^erature below 10°C The resultant reaction mixture was then stirred for one hour, 
then acidified with 2N HQ and left stirring overnight. The solids were then, washed with 
water and dried, to produce 27 g of 2-chloro-5-mtrobenzyl alcohol as a white solid 

Step 2: Frq)aration of 2-chk>ro-5-mtroben2X>yI acetate 27 g of the 2-chloro-5-nitrobenzyl 
alcohol prepared above in Step 1 , was dissolved in 122 mL of tolurae. 22 mL of triethylamine 
was then added. The resultant reaction mixture was cooled to 20^C and then a solutk>n of 
10.2 mL of acetyl chlorkie in 10 mL of toluene, was added dropwise, keeping the teoq^eratuie 
below 20®C The reaction nuxture was then stirred overnight 2.1 mL of trietl^lamine and 
1.1 mL of acetyl chbride/toluene solution were then added and the reaction nuxture was 
stirred for one hour. 100 mL of water was then added, followed by SO mL of ether. The 
resulting organic phase was separated, washed with 2N HG, aqueous sodium bicarbonate 
solution and water. The washed organic phase was then dried over magnesium sulfate and the 
solvent was evaporated, to produce 29.6 g of 2-chloro-S-nitrobenzoyl acetate as a white solid 

Step 3: Preparation of 5-amino-2-chlorobenzoyl acetate 24 g of iron powder was added to a 
solution of 1.6 mL of concentrated HCl, 16.8 mL of water, and 70 mL of ethanol. 29.6 g of 
the 2-chloro-S-nitrobenzoyl acetate prepared above in Step 2 dissolved in 4S mL of ethanol. 
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was then added to the mixture in three equal portions. The resultant reaction mixture was 
refluxed for 5 hours* An additional 2 A g of iron and OJ mL of concentrated HCl was then 
added to the reaction mixture. The reaction mixture was then refluxed for an additional one 
bour» filtered through Celite and evaporated. 100 mL of wator was then added to the 
evaporated material and the resultant mixture was extracted with 100 mL of ether. The ether 
sohition was washed with water, dried over magnesium sol&te, and evaporated, to produce 
22.9 g of S-ainino-2-chIorobenzoyl acetate as an oil 

Step 4: Preparation of N-(3-acetoxyniethyM-chIorophmyl>2-niethyl-3-fura^ 
A solution of 22.8 g of the S-ammo-2-chk>robenzo]4 acetate from Step 3 above and 17.2 mL 
of tiiethylamine in 118 mL ether was prepared and then added dropwise to a second solution 
of 16.6 g 2-methyl-3-thiophenecarboxylic acid cUotide in 118 mL ether at 0°C. to lO^'Cand 

* 

the resultant mixture was stin;^ at room temperature overnight. 100 mL of water and 100 
mL of ethyl acetate were then added to the mixture* the organic phase separated, washed with 

« 

2N hydrochloric acid and water, dried over magnesium sulfate, and the solvents removed in 
vacuo, to produce 29.87 g of N-(3-acetoxymethyl-4-chIorophenyl)-2-methyl-3- 
fiirancarfooxamide as a beige solid. 

Step 5: Preparation of N-(4-cMoro-3-hydroxymethylphenyl)-2-n)etbyl-3-furancaiboxamU 
A solution of 29 g of the N-(3-acetoxymetlQrl-4-cblorophenyO-2-methyl-3-furan^ 
prepared in Stq> 4 above and 14.5 g potassium hydroxide in 110 mL water, was prepared. The 
solution was then heated at 70°C. for 16 hours and then acidified with 2N hydrochloric. The 
resulting solid was collected, washed with water, and dried,.producing 23.6S g of N-(4- 
cUoro-3-hydroxyraethyIphenyl)-2-methyI-3-furancarboxa^ as a white solid. 

Step 6: Preparation of N<3-bronK)meth)1-4-chlorophenyl)-2-methyl-3-fiu:ancarboxamide. 12 
g of the NK4-chIoro-3-hydroxyniethylpheny^)-2-niethyl-3-foancarboxamide prepared in Step 
S above, was dissolved in 180 mL ethyl acetate. 1.8 mL of phosphorus tribromide was then 
added. The resultant mixture was stirred for 90 minutes at room teni^rature. lOOmLof 
water was then added to tte mixture. The resultant organic phase was separated, washed with 
water, aqueous sodium bicarbonate solution and water, and then dried over magnesium 
sulfate. The solvent was evaporated off to produce 12.97 g of N-(3-bromomethyl-4- 
chlorophenyl>-2-metbyl-3-furancarboxamide as a solid. 
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Step 7: Preparation of N-3-((2-cMorophenoxy)inethyl)-4-chlorophenyl-2-iiiethyl-3 
fiirancarboxamide. 2 g of the N-<3-bronK)methyl-4-chlorophenyl)-2-methyl-3- 
furancarboxamide produced in Step 6, was dissolved in 20 mL of 2-butanone to produce a 
solution. 0.84 g of potassium carbonate^ 0.79 g of 2-cfalorophenol and 0.2 g of 
tetrabutylammonium bromide were then added to the sobtion. The resultant reaction mixture 
was stirred ai room ten^)erature overnight, the solvents removed in vacua, and the residue 
extracted with ethyl acetate, to produce a second solution This second solution was washed 
with 2N aqueous sodium hydroxide and wator, and then dried over magnesium sul&te. The 
solvent was removed to produce 2 J g of a solid, which was purified by dissolving in ethyl 
acetate:hexane (20:80) and running the resultant sohition throu^ a plug of silica geL 
Removal of solvent produced 2.0 g of N-3-((2-chlorophenoxy)methyl)-4-chlorophenyl-2- 
methyl-3-furancarboxamid e as a white solid. 

Step 8: Preparation of N-3-((2-chlorophenoxy)methyl)"4-chlorophenyl-2-methyl-3- 
fiirancarbothioamide. 1,5 g of the N-3-((2-chlorophenoi^)methy^-4-chlorophenyl-2-methyl- 
3-furancarboxainide prepared in Step 7 above, 0.8 g of Lawesson's reagent (0.8 g) and 1.6 g 
of sodium bicarbonate were added to 35 mL of toluene, and the resultant reaction mixture was 
refluxed for five hours. The reaction mbcture was then passed through a phg of neutral 
aluminum oxide, eluted with 1:1 ethei/hexane and purified by column chromatography on 
silica gel, to produce 0.77 g of N-3-((2-chtorophenoxy)meth3d)-4K*lorophenyl-2-methyl-3- 
fiirancarbothioamide. . 
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Scheme 1 




Lawesson's reagent or 
■ ■ ■ ■ ifci 



orP2S5 

The above protocol can easfly be modified to attach the link- PO(Ri)(R2). 
To prepare con^unds of type A in Figure 1, the foUowing route is pCTfonned. Confound 8 
above. whenR is chtoro, is tiansfonned into a triflate by reacting it with t^ 
2,6 lutidine in dichloiomelhane at -40°C The addition of hydro;qrethyIdiinetho;Q(pbo^honate 
win effect the attachment of the Bnk PO(Ri)0R2) group. Treatment with Lawesson^ reageait as 
above win provide confound A2. 
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Type A 



Example A1 Example A2 



By replacing 2-chloro S-nitrobenzaldehyde with other nitrobenzaldehyes and foIlowiDg 



a similar procedure as that used to make con^und A2, the relative positions of attachment of 
the ether and the amide is changed. Furthermore, the chbro substituent shown as above is 
switched to other positions, and other substituents are used in combination with or without the 
cUoro atom or other substituents anywhere on the ring (shown as Q below). This would 
allow for compounds of type B2 of Rgure 2 to be prepared. As with all analogs that are 
amenable to such treatment, Lawesson's reagent would then be used to convert to the 
corresponding sulfamide. 



center ar)i ring being considered part of the link. Prior to treatment with Lawesson's reagent 
the amide proton is abstracted by treatment with base to allow for attachment of the 
PO(Ri)(R2) moiety. Lawesson's reagent would then be used to convert to the corresponding 



Rgure2 




Type B1 



TypeB2 
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Figures 

o 

link-PO(Ri)(R2) 
TypeC 




2) TfO 



P0(0Me)2 



The furan ring of UC7S1 is switched to S or 6-meniSaered heteroc3'cles caafy by 
substitutiiig dif^ent heterocyclic acid ebbtides for 2-metlq1-3-tl]iopheiiecarbo;Qr]ic acid 
chloride in stq> 4 in the above written synthesis of N-3-((2«cfak>ro{dieao^)inethyl)-4- 
chloropheiiyl-2-iDBthyl-3-furancaitx)tbu)anude. This wiQ afford Type D con^onds as 

exen^liiSed below. The link P0(Ri)(R2) moiety is attached directly to the beterocycle by 

startiiig with for exanq)le the diester of the desired beterocycle. Mono acid formation of the 

het^ocyck by hydrolysis of one ester would allow for attachment of the P0(Ri)(R2) group, 

This would be followed by hydrolysis of the remaining ester by base» acid ddoride fonnation 
as above and amide fonnation by reaction with the desired amine. Dl, a specific 

exemplification of T^e D confounds having in this case R\ and R2 = OMe and link = 



CH2CH2 is prepared as shown below in Figure 4. 
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hetero cyde ^ 



A^,/finkP0(Ri)(R2) 



TypeD 



^inkP0(Ri)(R2) 

_ A 
S-membered heterocycie 




^inkP0(RiKR2) 



frmembeied heterocycie 



linkP0(Ri)(R2) 

Wo O 




5-membered heterocycie 
with rinkPO(Ri)(R2} attached at 
heterocycie 



(R2)(Rl)0Plmk. 



N' 



6-membered heterocycie 

with linkPO(R0(R2) attached at 
heterocycie 



/^Ip^^Dbase 



/^fj^^ 2) oxalyl chloride -^n^^ 



OH 



TEA 



THF 



1) base 




All amides shown can be converted to sul&mides by treatment with Lawesson's reagent 
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-dOL 



CH2Cl2» MeOH 




reducing agent 




The details of the first two steps of Scheme 1 shown above are thoroughly covered in 
US Patent No. S556886. The synthesis can be extended as shown to allow for the attachment 
of the Unk P0(Ri)(R2) at various sites on either aryl ring. 

To attach on the ortho, meta or para positions of the ring that starts out as the 
substituted aniline, a moiety must be present that wiQ aDow for such an attachment of the 
P0(Ri)(R2) moiety. In this case a nitro group is used as an amine precursor. The reduction 
of the nitro can be effected by tin chloride and acetic add in an ^propriate solvoit, or through 
some other catalytic hydrogenation method. From there, con]pounds such as compound 5 
with a free anilmo NH2 can be reacted with« for exanq)le, a commerciallir avaOable 
phosphonate such as compound 6 above in a reductive amination reaction. This reductive 
amination is performed using dichloroethane as solvent, and after stirring under dry conditions, 
sodium cyanoborohydride and acetic acid is added to complete the reaction giving compound 
7. Using commercially available meta and para nitroanilines leads to compounds 8, 9 and 10. 
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Other substitution patterns are also possible. AIso» otb^ means of attachment are also 
possible to attach the drug-like compound to the P0(Ri)(R2) piece. By varying the position 
of the nitro group, the P0(Ri)(R2) is attached at any position on the anilino ring. Figure 1 
below contains exarnples of nitroanilines that allow for the attachment at various positions. 

Alternatively, the nitroanilines is attached to the P0(Ri)(R2) moiety prior to couphng 
with the aldehyde. The nitro is then reduced to form the aniline needed for coupling with the 
aldelQrde. Hydrolysis of the cyano group to the amide is conducted as above, as illustrated m 
Sdieme2. 




The ketone of Loviride or Loviride analogs also serves as a point of attachment for the 
PO(Ri)(R2) group. The synthesis of such an attachment is shown in Scheme 3. 
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N-OH 



TEA 
OMF 




hydrazine HgO 



J EtOH reflux 
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By using a variation of the benzaldehyde shown as conapound 1 in Scheme 1, further 
points of attachment are also attainable. By usintg, for example, 2,6-dichloro (3,4, or 5 nitro) 
benzaldehyde, and following Scheme 1, the P0(Ri)(R2) is attached at any position of the ring 
which starts out as the benzaldehyde. Furtho: aanq>l6S of confounds that can be made in 
this way are compounds 11, 12 and 13 below. 
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Sdieme General Section 

General aspects of these exemplary methods are described below and in the Example. 
Each of the products of the following processes is optionally separated, isolated* and/or 
purified prior to its use in subsequent processes. 

The terms "treated", "treating", "treatment", and the like, mean contacting, mixing, 
reacting, aUowing to react, bringing into contact, and other terms common in the art for 
indicating that one or more chemical entities is treated in such a manner as to convert it to 
one or more other chemical entities. This means that "treating conq)ound one with conq)ound 
two" is synonymous with "allowing conq)ound one to react with coiiq)ound two", "contacting 

« 

conq)ound one with conqK>und two", "reacting compound one with coII^lound two", and 
other expressions common in the art of organic synthesis for reasonably indicating that 
conq)ound one was "treated", "reacted", "allowed to react", etc., with compound two. 

"Treating" indicates the reasonable and usual manner in which organic chemicals are 

' allowed to reacL Normal concentrations (0.01M to lOM, typically 0. IM to IM), 
ten^eratures (-100X to 250°C, typically -li^'C to ISO^'C, more typically -78^C to 100*C, 
still more typically O^C to lOO^Q, reaction vessels (typically glass, plastic, metal), solvents, 
pressures, atmospheres (typically air for oxygen and water insensitive reactions or nitrogen or 
argon for oxygen or water sensitive), etc.» are intended unless otherwise indicated. The 
knowledge of similar reactions known in the art of organic synthesis is used in selecting the 
conditions and ^aratus for "treating" in a given process. In particular, one of ordinary skill 
in the art of organic synthesis selects conditions and apparatus reasonably expected to 

. successfully cany out the chemical reactions of the described processes based on the 
knowledge in the art. 

Modifications of each of the exemplary schemes above and in the examples (h^eaftar 
"exemplary schemes") leads to various anatogs of the specific exen^lary materials produce. 
The above cited citations describing suitable methods of organic synthesis are applicable to 
such modifications. 

Id each of the exemplary schemes it may be advantageous to separate reaction 
products from one another and/or fiom starting materials. The desired products of each step 
or series of steps is separated and/or purified (hereinafter separated) to the desired degree of 
homogeneity by the techniques common in the art Typically such separations involve 
multiphase extraction, crystallization from a solvent or solvent mbcture, distillation, 
sublimation, or chromatography. Qiromatography can involve any number of methods 
including, for ^cample, size exclusion or ion exchange chromatography, high, medium, or 
low pressure liquid chromatography, small scale and preparative thin or thick lay^ 
chromatography, as well as techniques of small scale thin layer and flash chromatography. 

Another class of separation methods involves treatment of a mixture with a reagent * 
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selected to bind to or rend^ otherwise separable a desired product, unreacted starting 
material, reaction by product, or the like. Such reagents include adsorbents or absorbents 
such as activated carbon, molecular sieves, ion exchange media, or the like. Alternatively, 
the reagents can be acids in the case of a basic material, bases in the case of an acidic 
material, binding reagents such as antibodies, binding proteins, selective chelators such as 
crown ethers» liquid/liquid ion extraction reagoits (UK), or the like. 

Seleaion of appropriate methods of separation depends on the nature of the materials 
involved. For example, boiling point, and molecular weight in distillation and sublimation, 
presence or absence of polar functional groups in chromatography, stability of materials in 
acidic and basic media in multqihase extraction, and the like. One skilled in the art will apply 
techniques most likely to achieve the desired separatioa 

All literature and patent citations above are hereby expressly incorporated by 
reference at the locations of their citation. Specifically cited sections or pages of the above 
cited works are incorporated by reference with specificity. The invention has been described 
in detail sufBcient to albw one of ordinary ddll in the art to make and use the subject matt^ 
of the fbOowing Eirix>diments. It is apparent that certain modifications of the methods and 
con^sitions of the foUowing Enibodiments can be made within the scope and ^irit of the 
invention. 
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Scheme 1001 shows the into'convasions of certain pbospfaonate compounds: acids - 
P(0)(0H)2; mono-esters -P(0)(ORi)(OH): and diesters -P(0)(0Ri)2 in which the R* groups 
are independently selected, and defined herein before, and the phosphorus is attached through 
a carixMi moiety (Imk, Le. linker), which is attached to the rest of tlie molecule, e.g. drug or 
drug intemttdiate (R). The R' groups attached to the pho^bonate esters in Scheme 1001 
may be changed using established chemical transfomiations. The interconversions niay be 
carried out in the precursor oonqiounds or the final products using the methods described 
below. The methods employed for a given pho^honate transformation depend on the nature 
of the substituent R^ The preparation and hydrolysis of phosphonate esters is described in 
Organic Phosphoms Compounds, G. M. Kosol2q>oif, L. Maeir» eds, Wiley, 1976, p. 9ff. 

The conversion of a phosphonate diester 27.1 into the corresponding phosphonate 
mdnoester 27.2 (Scheme 1001, Reaction 1) can be acconplished by a number of methods. 
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For exan^le» the ester 27,1 in which is an aiylalkyl group such as benzyl, can be 
converted into the monoester compound 27.2 by reaction with a tertiary organic base such as 
diazabicyclooctane (DABCO) or quiauclidine, as described m J. Org. Chenu, 1995, 60:2946. 
The reaction is performed in an inert hydrocarbon sohrent such as tohiene or xylene, at about 
1 lO^C. The conversion of the diest^ 27.1 in which is an aryl group such as phenyl, or an 
alkenyl group such as allyl, into the monoester 27.2 can be efifected by treatment of the ester 
27.1 with a base such as aqueous sodium hydroxide in acetonitrile or lithium hydroxide in 
aqueous tetrahydrofuran. Phosphonate diesters 27.2 in which one of the groups R^ is 
arylaOcyl, such as benzyl, and the other is alkyl, can be converted into the monoesters 27.2 in 
which R^ is alkyl, by hydrogenatk>n, for exanq)Ie using a palladium on caibon catalyst 
Phosphonate diestm in which both of the groups R* are alkenyl, such as allyl, can be 
converted into the monoester 27 in which R^ is alkenyl, by treatment with 

• * 

chlorotris(triphenylphosphine)rhodium (Wilkinson's catalyst) in aqueous ethanol at reflux, 
optionally in the presence of diazabicyclooctane, for example by using the procedure 
described in L Org. Chem,, 38:3224 1973 for the cleavage of allyl carboxylates. 

The conversion of a phosphonate diester 27.1 or a phosphonate monoest^ 27 J, into 
the corresponding pbospbonic acid 273 (Scheme 1001, Reactions 2 and 3) can be effected by 
reaction of the diesto: or the monoester with trimethylsilyl bromide, as described in J. Chenu 
Sac., Chenu Comm., 739, 1979. The reaction is conducted in an inert solvent such as, for 
example, dichtoromethane, optionally in the presence of a silylating agent such as 
bis(trimethy]silyl)trifluoroacetamide, at ambient tenqperature. A phosphonate monoester 27«2 
in which R^ is arylalkyl such as benzyl, can be converted into the corresponding phosphohic 
acid 273 by hydrogenation ov^ a palladium catalyst, or by treatment with hydrogen chloride 
in an ethereal solvent such as dbxane. A phosphonate monoester 27.2 in which R^ is alkenyl 
such as» for exanq>le, allyl, can be converted into the phosphonk acid 273 by reaction with 
Wilkjn5on*s catalyst in an aqueous oiganic solvent, for exanq)le in 15% aqueous acetonitrile, 
or in aqueous ethanol, for example using the procedure described in Helv. Chim. Acta., 
68:618, 1985. Pdladium catalyzed faydrogenolysis of phosphonate esters 27.1 m which R^ is 
benzyl is described in J. Org. Chem.^ 24:434, 1959. Platinum-catalyzed hydrogenolysis of 
phosphonate esters 27.1 in which R' is phenyl is described in /. Amer. Chem. Soc, 78:2336, 
1956. 

The conversion of a phosphonate monoester 27^ into a phosphonate diester 27.1 
(Scheme 1001, Reaction 4) in which the newly introduced R* group is alkyl, arylalkyl, or 
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haloalkyl such as cbloroethyl, can be ^ected by a numb^ of reactions in which the substrate 
27.2 is reacted with a hydroxy compound R^OH, in the presence of a coupling agent. 
Suitable coupling agents are those enq>loyed for the preparation of carboxylate esters, and 
include a carbodiiniide such as dicyclohexylcarbodiinoide, in winch case the reaction is 
preferably conducted in a basic organic solvent such as pyridine, or (benzotriazol-1- 
yIoxy)tr^yrrolidinophosphomum hexafluorophosphate (PYBOP, Sigma), in which case the 
reaction is perfonned in a polar solvent such as dimethylfomiainide, in the presence of a 
tertiary organic base such as diisopropyletfaylamine, or AIdrithiol-2 (Aldrich) in which case 
the reaction is conducted in a basic solvent such as pyridine, in the presence of a triaryl 
phosphine such as trq>henylphbsphine. Akematively, the conversion of the phosphonate 
EQubnoester 27.1 to the diester 27.1 can be effected by the use of the Mitsunobu reaction. The 
substrate is reacted with the hydroxy conspound R^OH, in the presence of diethyl 
. azodicarboxylate and a triarylpbosphine such as triphenyl phosphine. Alternatively, the 
phoq>honate monoester 27*2 can be transformed into the phosphonate diester 27.1, in which 
the introduced R^ grot^ is alkenyl or arylalkyl, by reaction of the monoester with the halide 
R^Br, in which R^ is as alkenyl or arylalkyL The alkylation reaction is conducted in a polar 
organic solvent such as dimethylfonnamide or acetonitrile, in the presence of a base such as 
cesium carbonate. Alternatively* the phosphonate monoester can be transformed into the 
phosphonate diester in a two stop piocedure. In the first step, the phosphonate monoester 
27J2 is transformed into the cUoro analog -P(0)(OR^)a by reaction with thionyl chloride or 
oxalyl chloride and the like, as described in Organic Phosphorus Compounds, G. M. 
Kosolapo£^ L. Maeir, eds, Wiley, 1976, p. 17, and the thus-obtained product -P(0)(OR^)a is 
then reacted with the hydroxy conq)ound R^OH, in the presence of a base such as 
triethylamine, to afford the phosphonate diester 27.1. 

A phosphonic acid -P(0)(0H)2 can be transformed into a phosphonate monoeister 
-P(0)(OR^)(OH) (Scheme 1001, Reaction 5) by means of the methods described above of for 
the preparation of the phosphonate diester -P(0)(0R')2 27.1, excqpt that only one molar 
proportion of the component R^OH or R^Br is empfoyed 

A phosphonic acid -P(0)(0H)2 273 can be transformed into a phosphonate diester 
-P(0)(0R')2 27.1 (Scheme 1, Reaction 6) by a coiq>liQg reaction with the hydroxy con:5)Ound 
R^OH, in tl^ presence of a coupling agent such as Aldrithiol-2 (Aldrich) and 
triphenylphosphine. The reaction is conducted in a basic solvent such as pyridine. 
Atternatively, phosphonic acids 27.3 can be transformed into phosphonic esters 27.1 in which 
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R is aiyl, such as phenyl, by means of a coupling reaction employing, for example, phenol 
and dicyclobexylcarbodiimide in pyridine at about 70'C Alternatively, phosphonic acids 
273 can be transformed into phosphonic esters 27.1 in which is alkenyl, by means of an 

■ * 

alkylation reaction. The phosphonic acid is reacted with the alkenyl bromide R^Br in a polar 
organic solvent such as acetonitrile solution at reflux ten9)erature, in the presence of a base 
such as cesium carbonate^ to afford the phosphonic estw 27.1. 
Amino aOcyl phosphonate compounds 809: 



are a generic representative of conqpounds 81 1, 813, 814, 816 and 818. Some methods to 
prepare embodiments of 809 are shown in Scheme 1002. Commercial ammo phosphonic 
acid 810 was protected as carbamate 811. The phosphonic acid 811 was converted to 
phosphonate 812 upon treatment with ROH in the presence of DCC or other conventional 
coupling reagents. Coupling of phosphonic acid 811 with esters of amino acid 820 provided 
bisamidate 817. Conversion of add 81 1 to bisphenyl phosphonate followed by hydrolysis 
gave mono-pfaospfaonic acid 814 (Cbz = C6H5CH2C(0)-), which was then transformed to 
mono-phosphonic amidate 815. Carbamates 813, 816 and 818 were converted to their 
corresponding amines upon hydrogenation. Compounds 811, 813, 814, 816 and 818 are 
useful intermediates to form the phosphonate conq)ounds of the invention. 

Preparation of carboalkoxy-substituted phosphonate bisamidates, monoamidateSy 
diesters and monoesters. 

A number of methods are available for the conversion of phosphonic acids into amidates and 
esters. In one group of methods, the phosphoriic acid is either converted into an Elated 
activated intermediate such as a phosphoryl chbride, or the phosphonic acid is activated in 
situ for reaction with an amine or a hydroxy conq)ound. 




O 



809 
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The conversion of phosphonic acids into phosphoiyl chlorides is acconniplisbed by reaction 
with thionyl chloride, for example as described in J. Gen. Chem. USSR. 1983, 53, 480, Zh. 
Obschei Khim., 1958, 28, 1063, or J. Org. Chem., 1994, 59, 6144, or by reaction with oxalyl 
chloride, as described in J. Am. Chem. See, 1994, 116, 3251, or J. Org. Chem., 1994, 59, 
6144, or by reaction with phosphorus pentachloride, as described in J. Org. Chem., 2001, 66, 
329, or in J. Med. Chem., 1995, 38, 1372. Hie resultant phosphoryl chlorides are then 
reacted with ammes or hydroxy con^unds m the presence of a base to afford the amidate or 
ester products. 

Phosphonic acids are converted into activated hnidazolyl derivatives by reaction with 
carbonyl diimidazole, as described in J. Chem. Soc, Chem. Comm., 1991, 312, or 
Nucleosides Nucleotides 2000, 19, 1885. Activated sulfonyloxy d^vatives are obtained by 
the reaction of pho^honic acids with trichloromethylsulfonyl chloride, as described in J. 
Med. Chem. 1995, 38, 4958, or with triisopropylb^enesulfonyl chloride, as described in 
Tet Lett.. 1996, 7857, or Bioorg. Med. Chem. Lett, 1998, 8, 663. The activated sulfonybxy 
dmvatives are then reacted with ammes or hydroxy conqiounds to afford amidates or esters. 
Alternatively, the phosphonic acid and the amine or hydroxy reactant are combined in the 
presence of a diimide coupling agent. The preparation of phosphonic amidates and esters by 
means of coupling reactions in the presence of dicyclohexyl carbodiimide is described, for 
example, in J. Chem Soc, Chem. Comm.. 1991, 312, or J. Med. Chem., 1980. 23, 1299 or 
Con. CzecL Chem. Comm., 1987, 52, 2792. The use of ethyl dimethylaminopropyl 
carbodiimide for activation and coupling of phosphonic acids is described in Tet Lett., 2001. 
42, 8841. or Nucleosides Nucleotides, 2000, 19, 1885. 

A number of additional coupling reagents have been described for the preparation of 
amidates and esters from phosphonic acids. The agents include AldrithioI-2, and PYBOP and 
BOP, as described in J. Org. Chem., 1995, 60, 5214, and J. Med. Chem., 1997, 40, 3842, 
mesitylene-2-sulfonyl-3-nitio-l,2,4-triazole (MSN1^» as described in L Med. Chem., 1996, 
39, 4958, diphenylphosphoryl azide, as described in J. Org. Chem., 1984, 49, 1158, l-(2,4,6- 
triisopropyIbenzenesulfonyl-3-nitro-l,2,4-triazole (TPSNT) as described in Bioorg. Med. 
Chem. Lett., 1998, 8, 1013, ln'omotris(dimethylamino)phosphonium hexafluorophosphate 
(BroP), as described in Tet Lett., 1996, 37, 3997, 2-chloro-5,5-dimethyl-2-oxo- 1,3,2- 
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diox^hosphinaoe, as described in Nucleosides Nucleotides 1995, 14, 871, and diphenyl 
chforophosphate, as described in J. Med. CheuL, 1988, 31, 1305. 

Phosphonic acids are convmed into aniidates and esters by means of the Mitsonobu reaction, 
in which the phosphonic acid and the amine or hydroxy reactant are combined in the presence 
of a tnaryl phosphine and a dialkyi azodicarboxylate. The procedure is described in Org. 
Utt., 2001, 3. 643, or J. Med. Ghent. 1997, 40, 3842. 

Pbosphonic estos are also obtained by the leaction between phosphonic acids and halo 
conqmunds, in the presence of a suitable base. The method is described, for ocample, in 
AnaL Cfaem., 1987, 59, 1056, or J. Chem. Soc. P«dkin Trans., 1, 1993, 19, 2303. or J. Med. 
Chem., 1995, 38, 13^^ or TeL L^., 2002, 43, 1 161. 

■ 

Schemes 1-4 illustrate the conversion of phosphonate esters and phosphonic acids mto 
caifooalkoxy-substitcted pbosphorobisamidates (Scheme 1), phosphoroamidates (Scheme 2), 
phosphonate monoesters (Scheme 3) and phosphonate diesters, (Scheme 4). 

Scheme 1 illustrates various methods for the conversion of phosphonate diesters LI into 
pbosphorobisamidates 1.5. The diester 1.1, [xrepared as described previously, is hydrolyzed, 
either to the monoesto- 1.2 or to the phosphonic acid L6. The methods employed for these 
transformations are described above. The monoester L2 is converted into the monoamidate 
1.3 by reactbn with an aminoester L9, in which the group is H or alkyl, the group R"^ is an 
alkylene moiety such as, for exan^le, CHCHa, CHPk^, CH(CH2ph), CH2CH(CH3) and the 
like, or a group present in natural or modified aminoacids* and the grovip R^ is alkyL Tlie 
reactants are combined in tbe presence of a coupling agent such as a carbodiimide, for 
example dicycbhexyl carbodiimide, as described in J. Am. Chem. Soc., 1957, 79, 3575, 
optionally in fhd presence of an activating agent such as hydroxybenztriazole, to yield the 
amidate product I.3. The amidate-formmg reaction is also effected in tbe presence of 
coupling agents such as BOP, as desodbed in J. Org. Chem., 1995, 60, 5214, Akbithiol, 
PYBOP and similar coupling agents used for the preparation of amides and esters. 
Alternatively, the reactants 1.2 and 1.9 are transformed into the monoamidate 13 by means 
of a Mitsonobu reaction. The preparation of amidates by means of the Mitsonobu reaction is 
described in J. Med. Chem., 1995, 38, 2742. Equimolar amounts of the reactants are 
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combined in an inert solvent such as tetrahydrofaran in the presence of a triaiyl phosphine 
and a dialkyl azodicarboxylate. The thus-obtained nwnoamidate ester 13 is then transformed 
into aniidate phosphonic acid L4. The condUions nsed for the hydrolysis reaction depend on 
the nature oftheR' group, as described previously. Hie phosphonic acid amidate L4 is then 
reacted with an aminoester 1.9, as described above, to yield the bisamidate product 1.5. in 
which the amino substituents are the sanae or dififerent 

An example of this procedure is shown in Scheme 1. Example 1. In this procedure, a 
dibenzyl phosphonate 1.14 is leactcd.with diazabicyclooctane (DABCO) in tohiene'at reflux 
as described in J. Org. Chem.. 1995. 60, 2946, to afford the monobenzyl phosphonate LIS. ' 
The product is then reacted with equimolar amounts of ethyl alaninate L16 and dicyclohexyl 
carbodiimide in pyridine, to yield the amidate product L17. The benzyl group is then 
lemoved, for example by hydrogenolysis over a palladium catalyst, to give the monoacid 
produbt l.ia This compound is then reacted in a Mitsonobu reaction with ethyl leucinate 
1.19. triphenyl phosphine and diethylazodicatboxylate, as described in J. Med. Chem., 1995, 
38, 2742, to inoduce the bisamidate product 1.20. 

Using the above procedures, but emptoying, m place of ethyl leucinate 1.19 or ethyl alaninate 
1.16, different aminoesters 13, the corresponding products 1.5 are obtained. 

Alternatively, the phosphonic acid L6 is converted into the bisamidate 1.5 by use of the 
coupling reactions described above. The reaction is performed in one step, in which case the 
nitrogen-related substituents present in the product 1.5 are the same, or in two steps, in which 
case the nitrogen-related substituoits can be diffa«it 

An example of the method is shown in Scheme 1, Example 2. In this procedure, a 
phosphonic acid 1.6 is reacted in pyridme solution with excess ethyl phenylalaninate 1.21 and 
dicyclohexylcaibodiiniide; for example as described in J. Chem. Soc, Chem. Comm., 1991, 
1063, to give the Insamidate product 1,22. 

Using the above procedures, but , employing, in place of ethyl phenylalaninate, different 
aminoesters 1.9, the corresponding products 1.5 are obtained. 
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As a fiirther ahemative. the phosphonic acid 1.6 is converted into the mono or bis-activated 
derivative 1.7, in which Lv is a leaving group such as chloro, imidazolyl, 
triisopiopylbenzenesulfonyloxy etc. The conversion of phosphonic acids into chlorides 1.7 
(Lv = a) is effected by reaction with thionyl chloride or oxafyl chloride and the like, as 
described in Organic Phoj^horus Compounds. G. M. KosolapofC L. Maeir. eds, Wiley, 1976, 
p. 17. nje conversion of phosphonic acids into monoimidazolides 1.7 (Lv = imidazolyl) is 
described in J. Med. Chem., 2002, 45, 1284 and in J. Chem. Soc. Chem. Conun.. 1991. 312. 
Alternatively, the phosphonic acid is activated by reaction with triisopropylbenzenesulfonyl 
cMoride, as described in Nucleosides and Nucleotides, 2000, 10, 1885. The activated product 
is then reacted with the amino«ster L9, in the presence of a base, to give the bisamidate 1.5. 
The reaction is performed m one step, in which case the nitrogen substitaents present in the 
product 1.5 are the same, or in two steps, via the intermediate 1.U, in which case the nitrogen 
substituents can be different. 



Examples of these methods are shown in Scheme 1, Exainples 3 and 5. In the procedure 
illustrated in Scheme 1. Example 3, a phosphonic add L6 is reacted with ten mplar 
equivalents of thbnyl chloride, as described in Zh. Obschei KhinL, 1958, 28. 1063, to give 
the dichloro compound 1.23. Hie product is then reacted at reflux temperature in a polar 
aprotic solvent such as acetonitrile, and in the presence of a base such as triethylamine, with 
butyl sainate L24 to af6wd the bisamidate product 1.25. 

Using the above procedures, but employing, in place of butyl serinate 1.24, different 
aminoesters L9, the corresponding products 1.5 are obtained. 



In the procedure illustrated in Scheme 1, Example 5, the phosphonic acid 1.6 is reacted, as 
described in J. Chem. Soc Chem. Comm., 1991, 312, with carbonyl diimidazole to give the 
imidazolide 1.32. The product is then reacted in acetonitrile solution at ambient ten^jerature, 
with one molar equivalent of ethyl alaninate 133 to yield the monodisplacement product 
1.34. The latter compound is then reacted with carbonyl diunidazole to produce the activated 
intermediate 1 J5, and the product is then reacted, under the same conditions, witii ethyl N- 
methylalaninate 133a to give the hisamidate product L36. 
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Using the above procedures, but employing, in place of ethyl alaninate 1.33 or ethyl N- 
metbylalaninate 1.33a, different aminoesters 1.9, the corresponding products 1^ are 
obtained 

The intermediate monoaniidate 1.3 is also prepared from the monoester 1.2 by first 
converting the monoester into the activated derivative 1.8 in which Lv is a leaving group such 
as hab, imidazolyl etc, using the procedures described above. The product 1.8 is then 
reacted with an aminoester 1.9 in the presence of a base such as pyridine, to give an 
intmnediate roonoamidate produa 13. The latter confound is then converted, by removal 
of the group and coupling of the product with the aminoester 1.9, as described above, into 
the bisamidate 1.5. 

Ah example of this procedure, in which the phosphonic acid is activated by conversion to the 
chloro derivative U6, is shown in Scheme 1, Example 4. In this procedure, the phosphonic 
monobenzyl ester 1.15 is reacted, in dichloromethane, with thionyl chloride, as described in 
TeL Let., 1994, 35, 4097, to afford the phosphoryl chloride 1.26. The product is then reacted 
in acetonitrile solution at ambient temperature with one molar equivalent of ethyl 3-amino-2- 
nibethylpropionate 1.27 to yield the monoamidate product 1.28. The latter conopoimd is 
hydrogenated in ethyl acetate over a 5% palladium on carbon catalyst to produce the 
nx>noacid product 1J29. The product is subjected to a Mitsonobu coupling procedure, with 
equimolar .amounts of butyl alaninate 130, triphenyl phosphine, diethylazodicarboxylate and 
triethylamine in tetrahydrofiiran, to give the bisamidate product 1.31. 

Using the above procedures, but cfn^loying, m place of ethyl 3-anuno-2-methylpropionate 
1.27 or butyl alaninate 130, different aminoesters 1.9, the corresponding products 1.5 are 
obtained. 

Hie activated phosphonic acid derivative 1.7 is also conv^ed into the bisamidate 1.5 via the 
diamino conq>ound LIO. The conversion of activated phosphonic acid derivatives such as 
phosphoryl chlorides into the corresponding amino analogs 1.10, by reaction with ammonia, 
is described in Organic Phosphorus Compounds, G. M Kosolapoff^ L. Maeir, eds, Wiley, 
1976. The diamino conq>ound 1 JO is then reacted at elevated tenqperature with a haloester 
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1.12, in a polar organic solvent such as dixnethylfonnaimde, in the presence of a base such as 
dimethylaminopyridine or potassium carbonate, to yield the bisamidate 1.5. 
An exanq>le of this procedure is shown in Scheme 1, Example 6. In this method, a 
dichlorophosphonate 1,23 is reacted with amn»nia to afford the diamide 137. The reaction 
is performed in aqueous, aqueous alcoholic or alcoholic solution, at reflux tenoperature. The 
resulting diamino conqjound is then reacted with two molar equivalents of ethyl 2-broniD-3- 
methylbutyrate 138, in a polar organic solvent such as N-methylpyrroIidinone at ca. 150'C, 
in the presence of a base such as potassium carbonate, and optionally in the presence of a 
catalytic anoount of potassium iodide, to afford the bisamidate product 139. 

Using the above procedures, but en^bying, in place of ethyl 2-bromo-3*mett^Ibutyrate 138, 
different haloesters 1.12 the corresponding products 13 are obtained. 

The procedures shown in Scheme 1 ate also applicable to the preparation of bisamidates in 
which the aminoester moiety incorporates different fonctional groups. Scheme 1, Exarq)le 7 
illustrates the preparation of bisamidates derived from tyrosine. In this procedure, the 
monoimidazolide 132 is reacted with propyl tyrosinate 1*40, as described in Example 5, to 
yield the naonoamidate 1.41. The product is reacted with carbonyl diimidazole to give the 
imidazolide 1.42, and this material is reacted with a fiirther molar equivalent of propyl 
tyrosinate to produce the bisamidate product 1.43. 

Using the above procedures, but eii5)loying, in place of propyl tyrosinate L40, different 
aminoesters L9, the corresponding products 13 are obtained. The aminoesters empbyed in 
the two stages of the above procedure can be the same or different, so that bisamidates with 

■ 

the same or different amino substituents are prepared. 

Scheme 2 illustrates methods for the preparation of phos(AK>nate monoamidates. 

In one procedure, a phoq)honate monoest^ LI is converted, as described in Scheme 1, into 

the activated d^ivative 1.8. This confound is then reacted, as described above, with an 

aminoester 1.9, in the presence of a base, to afford the monoamidate product 2.1. 

The procedure is ilhistrated in Scheme 2, Example 1. In this method, a monophenyl 

phosphonate 2.7 is reacted with, for example, thboyl chbride, as described in J. Gen. Chem. 
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USSFL, 1983, 32, 367, to give the cbloro product 2.8. The product is tben reacted, as 
described in Scheme 1, with ethyl alaninate 2.9, to yield the amidate 2*10. 

Using the above procedures, but employing, in place of ethyl alaninate 2.9, diff^ent 
aminoesters 1.9, the corresponding products 2.1 are obtained. 

^ Alternatively, the pbosphonate monoester LI is coupled, as described in Scheme 1, with an 
aminoester L9 to produce the amidate 2.1. If necessary, the substituent is then altered, by 
initial cleavage to afford the phosphonic acid 2.2. The procedures for this transformation 
depend on the nature of the group, and are described above. The phosphonic acid is then 
transformed into the est^ amidate product 2.3, by reaction with the hydroxy conf)ound 
R^OH, in which the groiQ) B? is aryl, het^oaiyl, alkyl, cycloalkyl, haloalkyl etc, using the 
same coupling procedures (caibodiimide, Aldrithiol-2, PYBOP, Mitsonobu reaction etc) 

: described in Scheme 1 for the coupling of amines and phosphonic acids. 
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Exanqiles of this method are ^own in Scheme 2, Exanqples £aid 2 and 3. In the sequence 

■ 

shown in Example 2, a monobenzyl phosphonate 2.11 is transformed by reaction with ethyl 
a]aninate» using one of the methods described above, into the monoancddate 2.12. The benzyl 
group is then removed by catalytic hydrogenation in ethyl acetate solution over a 5% 
palladium on carbon catalyst, to afibrd the pho^honic acid amidate 2.13. The product is 
then reacted in dichloromethane solution at ambient teiq)erature with equimolar amotmts of 
l-(dimethylaminopropyI)-3-ethylcarbodiimide and trifluoroethanol 2.14, for example as 
described in Tet Lett, 2001, 42, 8841, to yield the amidate ester 2.15. 

In the sequence shown in Scheme 2, Example 3, the monoamidate 2.13 is coupled, in 
tetrahydrofuran solution at ambient temperature, with equimolar amounts of dicyclohexyl 
carbodiimide and 4-hydroxy-N-methylpiperidine 2.16, to produce the amidate ester product 
2.17. 

* 

Using the above procedures, but en^loying, in place of the ethyl alaninate product 2.12 
different monoacids 2.2, and in place of trifluoroethanol 2.14 or 4-hydroxy-N- 
metbylpiperidine 2.16, diff^nt hydroxy conqpounds R^OH, the conespondkig produas 23 
are obtained. 



Alternatively, the activated phosphonate ester 1^ is reacted with ammonia to yield the 
amidate 2.4. The product is then reacted, as described in Scheme 1, with a haloester 2.5, in 
the presence of a base, to produce the amidate product 2.6. If appropriate, the nature of the 

group is changed, using the procedures described above, to give the product 2.3. The 
method is illustrated in Scheme 2, Example 4. In this sequence, the monophenyl phosphoryl 
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chloride 2.18 is reacted, as described in Scheme 1, with ammonia, to yield the amino product 
2.19. This material is then reacted in N-methylpynolidinone solution at 170"C with butyl 2- 
bromo-S-phenylpropionate 2.20 and potassium carbonate, to afford the amidate.product 2.21. 
Using these procedures, but employing, in place of butyl 2-bromo-3-phenylpropionate 2.20, 
different haloesters 2J, the corresponding products 2.6 are obtained. 

The monoamidate products 2.3 are also pr^ared from the doubly activated phosphonate 
derivatives 1.7. In this procedure, exan5)les of which are described in Synlett., 1998, 1, 73, 
the intermediate 1.7 is reacted with a limited amount of the aminoester 1.9 to give the mono- 
displacement product 1.11. The latter conpound is then reacted with the hydroxy con^wund 
R^OH in a polar organic solvent such as dimethylformamide, in the presence of a base such 
as diisopropylethylamine, to yield the monoamidate ester 23. 

The method is illustrated in Scbenoe 2, Example 5. In this method, the phosphoryl dichloride 
2.22 is reacted in dichloromethane solution with one molar equivalent of ethyl N-methyl 
tyrosmate 2^3 and dunethylanunopyridine, to goimte the nK)noamidate 2.^^ The product . 

« 

is then reacted with phenol 2.25 m dimethylformamide containmg potassium carbonate, to 
yield the ester amidate product 2i26. 

Using these procedures, but employing, m place of ethyl N-methyl tyrosinate 2.23 or [dienol 
2.25, the aminoesters 1.9 and/or the hydroxy con5)ounds R^OH, the conresponding products 
23 are obtained. 
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Scheme 3 illustrates methods for the preparation of carboalkoxy-substituted phosphonate 
diesters in which one of the ester groups incorporates a carboalkoxy substituenL 
In one procedure, a j^sphonate monoester LI, prepared as described above, is coupled, 
using one of the methods described above, with a hydroxyester 3.1, in which the groups 
and are as described in Scheme 1. For example, equimolar amounts of the reactants are 
coupled in the presence of a carbodiimide such as dicycbhexyl carbodiimide, as described in 
Aust. J. Chem., 1963, 609, optionally in the presence of dimethylaminopyridine, as described 

■ 

m Tet., 1999, SS, 12997. The reaction is conducted in an in^ solvent at ambient 
tenq)erature. 

The procedure is illustrated in Scheme 3, Example 1. In this method, a monophenyl 
phosphonate 3*9 is coupled, in dichloromethane solution in the presence of dicyclohexyl 
carbodiimide, with ethyl 3-hydroxy-2-methylpropionate 3.10 to yield the phosphonate mixed 
diester 3.11. 

Using this procedure, but employing, in place of ethyl 3-hydroxy~2-methylpropionate 3»10, 
di£ferent bydroxyest^ 3«1, the corresponding products 3.2 are obtained. 
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The conversion of a phospbonate monoester 1.1 into a mixed diester 3.2 is also accomplished 
by means of a Mitsonobu coupling reaction with the hydroxyester 3.1, as desoibed in Org. 
Lett., 2001* 643. In this method, tbe reactants 1.1 and 3.1 are combined in a polar solvent 
such as tetrahydrofiiran, in the {Mresence of a triary^hosphine and a dialkyl azoddcarboxylate, 
to give the mixed diester 3.2. The substituent is varied by cleavage, using the metbods 
described previously, to afford the mo]K>acid product 33. The product is then coupled, for 
example using methods described above, with the hydroxy confound R^OH, to give tbe 
diester product 3.4. 

The procedure is illustrated in Scheme 3, Exan^le 2. In this method, a monoallyl 
pho^honate 3.12 is coupled in tetrahydroiuran solution^ in the presence of 
tripbenylphosphine and diethylazodicarboxylate, with ethyl lactate 3*13 to give the mixed 
diester 3.14. The product is reacted with tris(triphenylphosphine) rhodium chbri^^ 
(Wilkinson catalyst) in acetonitrile, as described previously^ to remove tbe allyl groi^ and 
produce the monoacid product 3.15. The latt^ compound is then coupled, in pyridine 
solution at ambient teiqperature, in the presence of dicyclohexyl carbodiimide, with one 
molar equivalent of 3-hydroxypyridine 3.16 to yield the mixed diester 3.17. 

Using the above procedures, but eiiq)loying, in place of the ethyl lactate 3.13 or 3- 
hydroxypyridine, a different hydroxyester 3A and/or a different hydroxy conqwund R^OH, 
the corresponding products 3.4 are obtained. 

The mixed diesters 3.2 are also obtained jfixim the monoesters 1.1 via the intermediacy of tbe 
activated monoesters 3.5. In this procedure, tbe monoester 1.1 Js converted into tbe activated 
confound 3.5 by reaction with, for example, phosphorus pentachloride, as described in J. 
Org. Giem., 2001, 66, 329, or with thionyl chloride or oxalyl chloride (Lv = Q), or with 
triisopropylbenzenesulfonyl chloride m pyridine, as described in Nucleosides and 
Nucleotides, 2000. 19, 1885, or with carbonyl diimidazole, ais described in J. Med. Chem., 
2002, 45, 1284. The resultant activated monoester is then reacted with the hydroxyester 3.1, 
as described above, to yield .the mixed diester 3.2. 

Tbe procedure is illustrated in Scheme 3, Example 3. In this sequence, a monophenyl 
phospbonate 3.9 is reacted, in acetonitrile solution at TO^C, with ten equivalents of tbionyl 
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cUoride, so as to produce the phosphoiyl chloride 3.19. The product is then reacted with 
ethyl 4-carbainoyl-2-hydroxybutyrate 3.20 in dichloromethane containing triethylamine. to 
give the mixed diester 3.21. 

Using the above procedures, but employing, m place of ethyl 4-carbamoyl-2-hydroxybutyrate 
3.20, different hydroxyesters 3.1, the corresponding products 3.2 are obtained. 

* 

The mixed phosphonate diesters are also obtained by an alternative route for incorporation of 
the R^O group into intermediates 3.3 in which the hydroxyester moiety is already 
incorporated. In tUs procedure, the monoacid intermediate 3.3 is converted into the activated 
derivative 3.6 in which Lv is a leaving group such as chloro, unidazole, and the like, as 
previously described. The activated intermediate is then reacted with the hydroxy compound 
R^OH, in the presence of abase, to yield the mixed diester product 3 A. 

The method is illustrated in Scheme 3, Exan?)le 4. In this sequence, the phosjrfionate 
monoacid 3.22 is reacted with trichloromethanesulfonyl chloride in tetrahydrofiiran 
containing collidine, as described in J. Med. Chenu, 1995, 38, 4648, to produce the 
trichloromethanesulfonyloxy product 3.23. This compound is reacted with 3- 
(morpholinomethyl)phenol 3.24 in dichloromethane containing triethylamine, to yield the 
mixed diester product 3.25. 

Using the above procedures, but employmg, in place of with 3-(morphohnomethyl)phenol 







• 


iTi 



The phosphonate esters 3^4 are also obtamed by means of alkylation reactions performed on 
the monoesters 1.1. The reaction between the monoacid 1»1 and the haloester 3J is 
performed in a polar solvent in the presence of a base such as diisopropylethylamine, as 
described m AnaL Chem., 1987, 59, 1056, or triethylamine, as described in J. Med. Chem., 
1995, 38, 1372, or m a non-polar solvent such as benzene, m the presence of 18-crown-6, as 
described in Syn. Comm., 1995, 25, 3565. 
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The method is illustrated in Scheme 3, Example 5. In this procedure, the monoacid 3,26 is 
reacted with ethyl 2-faromo-3-pheny]propionate 3.27 and diisopropylethylamine in 
dimethylformamide at SO^C to afford the mixed diester product 3.28. 

Using the above procedure, but enq>toying» in place of ethyl 2-bromo-3-phenylpropionate 
3.27, different haloesters 3.7, the c<»Tesponding products 34 are obtained 



wo 2004/096S18 

Schemed 



292 



PCmP2003/012423 



FWInk— f\^ORi 



. CO2R' 

Ha-R^-COOR5 
3.7 

P ^ H0-R*-C00R5 
R-Knk— I^OR* _ ^ R.|ink 



OH 



1.1 



R-link— r(-OR^ 
Lv 

3.5 



3.1 



3.1 



p 

(f ORi i 

0-R^-C00R5 
3.2 



R-Gnk- 



R-link- 



•F^-OH R-ynk- 

0-R*-COOR5 
3.3 



■R-Lv 

O-R*.! 
3.6 



RS 



P 
•|fOR3 

0-R*-COC 

3.4 



Scheme 3 Example 1 



R4nk- 



P 

-[£-OPh 
OH . 



HOCH2CH(Me)C02Et 
3.10 



R-i'mk- 



p 
O 



3.9 



•^^3.11 



CQsEt 



Scheme 3 Example 2 



0 HOCH(Me)C02a O 

R-Ink— F^-Q RrUnk — PrOi 

OH^-\ 3.13 b ^— \ 

Me — ( 

COaEt 

3.12 3,14 



o (T o 

R-link— (fOH — Wink— ffo>^x^ 
> 3.16 > X J 

Me— ( Me— ^ 



CX^Et 
3.15 



OOgEt 
3.17 



Scheme 3 Example 3 

Et02CCH(OH)CH2CH2CONH2 q 
R.,ink-<?OPh R.|ink-F^^Ph ^ „ R-Bnk-lf OPh 

y^coaEt 

3^ 3.19 HgN 3.21 



wo 2004/096818 



293 



PCT/EP2003/012423 



Scheme 3 Example 4 ur\ ^ ^ 

o o ^ "n/O o 

O p 3.24 P y J I A 

Me-( Me-< Me-( 

C02Et C02Et CO^Et 



3.22 3.23 



3^ 



Scheme 3 Example 5 
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Scheme 4 ilhistiates methods for the [»peparation of phosphonate diesters in which both the 
ester substituents incorporate caiboalkoxy groups* 



The con^unds are prepared directly or indirectly firom the phosphonic acids 1*6. In one 
alternative, the phosphonic acid is coupled with the bydroxyester using the conditions 
described previously in Schemes 1-3, such as coupling reactions using dicyclohexyl 
carbodiimide or similar reagents, or under the conditions of the Mitsonobu reaction, to afford 
the diester [Hodua 4.3 in which the ester substituents are identical 



This method is illustrated in Scheme 4, Exaiiq)le 1. In this procedure, the phosptonic acid 
L6 is reacted with three molar equivalents of butyl lactate 4.5 in the presence of Aldrithiol-2 
and triphenyl phosphine in pyridine at ca. 70°C, to aSoid the diester 4.6. 
Using the above procedure, but enqploying, in place of butyl lactate 4.5, different 
hydroxyesters 4.2, the corresponding products 43 are obtamed. 



Alternatively, the diesters 4«3 are obtained by alkylation of the phosphonic acid L6 with a 
haloester 4.1. The alkylation reaction is performed as described in Scheme 3 for the 
preparation of the esters 3.4. 
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This method is illustrated in Scheme 4, Exanple 2. In this procedure, the phosphonic acid 
1.6 is reacted with excess ethyl 3-bromo-2-inethy]^opioiiate 4.7 and diisopropylethylamine 
in dimethylformamide at ca. 80*C, as described in Anal Chenu, 1987, 59, 1056, to jwoduce 
the diester 4,8. 

ft 

Using the above procedure, but raiploying, in phce of ethyl 3-bromo-2-methylpropionate 
4.7, different habesters 4.1, the corresponding products 43 are obtained. 

The diesters 4.3 are also obtained by displacement reactions of activated derivatives 1.7 of 
the phosphonic acid with the hydroxyesters 42. The displacement reaction is performed in a 
polar solvent in the presence of a suitable base, as described in Scheme 3. The displacement 
reaction is performed in the presence of an excess of the hydroxyester, to afford the diester 
product 43 in which the ester substitucnts are identical, or sequentially with limited amounts 
of different hydroxyesters, to prepare diesters 43 in which the ester substitucnts are daBF^ent. 
The methods are illustrated in Scheme 4, Examples 3 and 4. As shown in Example 3, the 
pfaosphoryl dichbride 222 is reacted with three molar equivalents of ethyl 3-hydioxy-2- 
(hydroxymethyl)propionate 4.9 in tetrahydrofuran containing potassium carbonate, to obtain 
the diester product 410. 

Using the above procedure, but emptoying, in place of ethyl 3-hydroxy-2- 
(hydroxymethyl)propionate 4.9, different hydroxyestCTs 4.2, the corresponding products 43 
are obtained. 

Scheme 4, Example 4 depicts the displacement reaction between equimolar amounts of the 
phosphoryl dichloride 2.22 and ethyl 2-niBthyl-3-hydroxypropionate 4.11, to yield the 
monoester product 4.12. The reaction is conducted in acetonitrile at 70'*C.in the presence of 
diisopropylethylamine. The product 412 is then reacted, under the same conditions, with one 
molar equivalent of ethyl lactate 4.13, to give the diester product 4.14, 
Using the above procedures, but employing, ia place of ethyl 2-methyl-3-hydroxypropionate 
4.11 and ethyl lactate 4.13, sequential reactions with different hydroxyesters 4.2, the 
coiresponding products 43 are obtained. 
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Scheme 1002 



VPH CbzCI gDH 

OH NaHCOg . "n t>H 
810 811 



PhOH, DCC 



813 812 



8" 

COOR' 



820 

811 H 




COOR* 
817 



.Pd/C 



8" 

COOR' 



^OOR' 



818 



wo 2004/096818 



PCT/EP2003/012423 



297 



o 



B11 



ilPPh 
814 



HaNrXOOR 
820 

SpPh 



H2.Pd/C CbzHN^u-R 9" 



COOR' 



H 

816 



H 



OOR' 



815 



■ « 

■ FoUowing the similar procedures, replacement of amino acid esters 820 with lactates 
821 (Scheme 1003) provides mono-phosphonic lactates 823. Lactates 823 are useful 
intermediates to form the phosphonate confounds of the invention. 
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Scheme 1004 
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SchemelQOS 
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Example 1 

To a solution of 2-aimnoethylphosphomc acid (L26 g, 10.1 mmol) in 2N NaDH (10.1 
mL, 20.2 nimol) was added benzyl chlorofonnate (1.7 mL, 12.1 nunol). After the reaction 
mixture was stirred for 2 d at room temperature, the mixture was partitioned between EtjO 
and water. The aqueous phase was acidified with 6N HQ until pH 2. The resulting 
colorless solid was dissolved in MeOH (75 mL) and treated with Dowex 50WX8-200 (7 g). 
After the mixture was stirred for 30 minutes, it was filtered and evaporated under reduced 
pressure to give carbamate 28 (2.37 g, 91%) as a colorless solid (Scheme 1005). 

To a sohition of carbamate 28 (2.35 g, 9.1 mmol) in pyridine (40 mL) was added 
phenol (8.53 g, 90.6 mmol) and 1,3-dicycIohexylcarbodiimide (7.47 & 36.2 mmol). After the 
re»:tion mixture was warmed to 70X and stirred for 5 h, the mixture was diluted with 
CII3CN and filtered. The filtrate was conci^trated under reduced pressure and diluted with 
EtOAc. Hie organic phase was washed with sat NH4CI, sat. NaHCQj, and brine, then dried 
over Na2S04, filtered, and evirated under reduced pressure. The crude product 'was 
chromatographed on silica gel twice (eluting 40-60% EtOAc/hexane) to give phospbonate 29 
(2.13 g, 57%) as a cotorless solid. 

To a solution of phosphonate 29 (262 mg. 0.637 ramol) in iPtOH (5 naL) was added 
TFA (0.05 mL, 0.637 mmol) and 10% Pd/C (26 mg). After the reaction mixture was stirred 
under H2 atmosphere (balloon) for 1 h, the mixture was filtered through Celite. The filtrate 
was evaporated under reduced pressure to give amine 30 (249 mg, 100%) as a colorless oil 
(Scheme 1005). 
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Scheme Section A 

Exemplary methods of preparing the compounds of the invention are shown in 
Sdiemes 1-7 below. A detailed description of the methods is found in the Experimental 
section below. 
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Scheme 2 
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Scheme 3 
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Scheme Section B 

Alternative exenq)lary methods of preparing the compounds of the invention are 
^own in Sch^es 101-113 below. 

5 Scheme 101 
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Treatment of commercially available epoxide 1 with sodmn azide (Bioorg. & Med. Cheia 
Lett, 5, 459, 1995) fimiishes the azide intermediate 2. The free hydroxyl is converted to 
benzyl ether 3 by treating it with benzyl bromide in the presence of base such as potassium 



phosphine, as described in the publication Bioorg. & Med. Cfaem. Lett, 7, 1847, 1997. 
Conversion of the amino groiq> to its sulfonamide d^vative 5 is achieved by treating the 
amine with stoichiometric amounts of suUbnyl chloride. Regioselective alkylation is 
performed (as shown in the article X Med. Chent, 40, 2525, 1997) on the sulfonamide 
nitrogen using the iodide 6 (J. Med. Chem., 35, 2958, 1992) to get the conqjound 7. Upon 
TFA catalyzed deprotection of BOC group followed by the reaction with bisfiiranyl carbonate 
8 (for a similar coupling see, J. Med. ChenL, 39, 3278, 1996) furnishes the compound 9. 
Final deprotection of the protecting groups by catalytic hydrogenolysis result the conQ)Ound 
10. 
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Scheme 102 
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Hie sulfonamide 11 is readily alkylated with the iodide 6 (J. Med. Chem., 35, 2958, 1992) to 
10 get the intermediaite 12. Regioselective epoxide opening (JP -9124630) of the epoxide 1 with 
12 fiimisbes the intennediate 13. Oqprotection of the BOC group followed by the treatment 
of bisforanyl carbonate 8 yields the iotermediate 14 which is subjected to hydrogenation to 
fiimish the compound 10. 
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The epoxide 1 is conv^ed to the aminohydroxyl derivative 15 using the known procedure (J. 
Med. Chem., 37, 1758, 1994). Sulfonylation of 15 using benzene sulfbnylchloride affords 
the con^und 16. InstaDation of the side chain to get the intamediate 13 is achieved by 
alkylation of sulfonamide nitrogen with iodide 6. The intermediate 13 is converted to the 
conq)ound 10 using the same sequence as shown in scheme 102. 
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Scheme 104 
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Sulfonamide 5 is aHcylated under basic conditions using the allyl bromide 17 (Chem. Pbarm. 
Bull, 30, 111, 1982) to get the intermediate 18. Similar transformation is reported in 
literature (J. Med. Chem., 40, 2525, 1997). Hydrolysis of BOC group with TFA and 
acylation of the resulting amine 19 with bisfuranyl carbonate 8 yields the compound 20. 
Hydrogenation using Pd/C catalysis und^ H2 atmosphere affords the phosphonic acid 21. 
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Scheme 105 
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Sdieme 105 (cont) 
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Sulfonamide 5 is converted to 22 via hydrolysis of BOC groiq) with TFA and acylation with 
bisfiiranyl carbonate 8. The sulfonamide 22 is alkylated with the bromide 23 (L Med. Chem., 
40, 2525, 1997) to g« the con5)Ound 24, which upon hydrogenolysis gives the catechol 25. 
Alkylation of the phenolic groups usu^ dibenzylhydroxymethyl phosphonate (J. Org. Chem., 
53, 3457,. 1988) affords regioisommc confounds 26 and 27. These confounds 26 and 27 
are hydrogenated to get the phophonic acids 28 and 29, respectively. Individual cyclic 
phosphonic acids 30 and 31 are obtained under basic (like NaH) conditions (US 5886179) 
followed by hydrogenolysis of the diben2yl est^ derivatives 26 and 27. 
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Scheme 106 

In this route, conqpound 25 is obtained by conducting a reaction between the epoxide 32 and 
the sulfonamide 33 using the conditions described in the Japanese Patent No. 9124630. 




32 33 



Epoxide 32 and sulfonamide 33 are synthesized utilizing similar methodology delineated in 
the same patent 
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Coiiq)o\md 34 is obtained from 32 using similar sequmce di^icted in J. Med. Cbem., 37, 
17S8. 1994. Reductive amination (fx similar transformation see WO O0/475S1) of 
compound 34 with aldehyde 35 furnishes the intermediate 36 which is convrated to the 
conq>ound 25 by sulfonylation foDowed lay l^drograiation. 
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Scheme 108 
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Treatment of epoxide 32 with sulfonamides 37 andfot 38 und» conditions described in 
J^anese Patent No. 9124630 fumisbes 26 and 27. 
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Scheme 109 



Reductive amination of aminohydroxyl intermediate 34 witli the aldehydes 39 and 40 as 
5 described in pateot WO 00/4755 1, furnish 41 and 42 which undergoes smooth sulfonylaiion 
to give 26 and 27. 
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Scheme 110 

In an alternate approach, where epoxide 32 is opened with benzyl amines 43 and 44 under 
conditions described above fUmishes 41 and 42, respectively. Similar transformations were 
documented in the Japanese Patrat No« 9124630. 
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49 



Reductive annnation of the bromoaldehyde 45 (J. Qrganomet. Chem., FR; 122, 123, 1976) 
with the amine 34 gives 46 which then undergoes sulfonylatton to furnish 47. The 
bromodOTvative 47 is converted to the phosphonate 48 under Michaelis-Arbuzov reaction 
conditions (Bioorg. Med. Ghent UtL, 9, 3069» 1999). Final hydrogenation of 48 delivers the 
phosphonic acid 49. 
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The int^iDediate 48 is also obtained as shown in scheme 112. Reductive amination of the 
aldehyde 52 with the amine 34 offers the phosphonate 52 and sulfonylation of this 
intermediate furnishes 48. 



319 




wo 2004/096818 






/IP 03/12425 



PCT/EP2003/0J2423 



Scheme 113 
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' Altonatively, compoaod 52 is obtained from the epoxide 32 by a ring opening reaction with 
10' the aminophosphonate 53 (Scheme 1 13). 
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Scheme Section C 



Scheme 9 is described in flie Examples. 



5 Scheme 9 



0^ 




HO \)H 



PhCT \)Ph 



30 



31 




321 





wo 2004/096818 




PCT«a»2003/012423 



Scheme Section D ' 

The following sdiemes are described in the Examples. 
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Schemes 1-3 are described in the examples. 
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Schemes 1 to 9 are described in the examples. 
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Schemes 1 to 3 are described in the examples. 
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Examples 

The foQowing Examples refer to the Schemes. 

5 Soine Examples have been performed multiple times. In repeated Exaiq>les» reaction 
conditions such as time, temperature, concentration and the like, and yields were within 
normal experimental ranges. In rq)eated Examples where significant modifications were 
made, these have been noted where the results varied significantly fix>m dhose described. In 
Examples where different starting materials were used, ttese are noted. When the repeated 
10 Examples refer to a "corresponding" analog of a coiq)ound, such as a "corre^nding ethyl 
ester", this intends that an otherwise present group, in this case typically a methyl ester, is 
taken to be the same group modified as indicated. 

Example Section A 
15 Example 1 

Diazo ketone 1; To a solution of N-tert-Butoxycarbonyi-O-benzyl-L-tyrosine (11 g, 30 
mmol. Fluka) in dry THF (55 mL) at -25-30^C (external bath temperature) was added 
isobutylchloroformate (3.9 mL, 30 mmol) foUowed by the slow addition of 
N.methylmoipholine (3.3 mL, 30 mmol). The mixture was stirred for 25 min. filt^ed while 

20 cold, and the filter cake was rinsed with cold (0**Q THF (50 mL), The filtrate was cooled to 
- 25**C and diazomethane (-50 mmol, generated from 15 g Diazald accordmg to AWrichimica 
Acta 1983, 16, 3) in ether (-150 mL) was poured mto the mixed anhydride solution. Tb& 
reaction was stirred for 15 min and was then placed in an icebath at O^^C, allowing the bath to 
warm to room tenqierature while stirring overnight for 15 L The solvent was evaporated 

25 under reduced pressure and the residue was dissolved in EtOAc, washed with water, saturated 
NaHCOa, saturated Nad, dried (MgS04X filtered and evaporated to a pale yellow solid The 
crude solid was slurried in hexane, filtered, and dried to afford the diazo ketone (10.9 g, 92%) 
which was used directly in the next step. 

30 Example 2 

CUoroketone 2: To a suspension of diazoketone 1 (10.8 g, 27 mmo^ in ether (600 mL) at 
0°C was added 4M HCl in dioxane (7.5 mL, 30 mmol). The solution was removed from the 
cooling bath, and allowed to warm to room temperature at which time the reaction was stirred 
1 h- The reaction solvent was evaporated under reduced pressure to give a solid residue that 
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was dissolved in ether and passed through a short cohimn of silica geL The solvent was . 
evaporated to afford the chloroketone (10.7 97%) as a solid. 

Example 3 

5 Chloroalcohol 3: To a solution of chloroketone 2 (10.6 g. 26 mmol) in THF (90 mL) was 
^ added water (10 mL) and the solution was cooled to 3-4T (internal temperature). A solution 
\, of NaBHi (1-5 g, 39 ramol) in water (5 naL) was added dropwise over a period of 10 min. 
The mixture was stirred for Ih at O^'C and saturated KHSO4 was slowly added until the pH<4 
. foltewed by saturated NaCL The organic phase was washed with saturated Nad, dried 
10 (MgS04) filtered and evaporated under reduced pressure. Tbie crude product consisted of a 

. 70:30 mixture of diastereomers by HPLC analysis (mobile phase, 77:25-CH3CN:H20; flow 
rate: 1 mL/min; detection: 254 nm; sample volume: 20 ^L; cohunn: 5(1 C18, 4.6X250 mm, 
.. Varian; retention times: major diastereomer 3, 5.4 min, minor diastereomer 4, 6.1 min). The 
. . residue was recrystallized from EtOAc/faexane twice to afford the chtoro alcohol 3 (4.86g, 
IS >99% diastereom^ic purity by HPLC analysis) as a white solid. 

ft 

Example 4 

Epoxide 5: A solution of chferoalcohol 3 (4.32 g» 10.6 mmol) in EtOH (250 mL) and THF 
(100 mL) was treated with K2CO3 (4.4g, 325 mesh, 3L9 mmoQ and the mixture was stirred 
20 for at room ten^erature for 20h. The reaction mixture was filtered and was evaporated under 

■ 

reduced pressure. The residue was partitioned between EtOAc and water and the organic 
phase was washed with saturated NaCl» dried (MgS04), filtered, and ev^orated under 

reduced pressure. The crude product was chromatographed on silica gel to afford the epoxide 
(3.68 g, 94%) as a white solid. 

25 

Example 5 

Sulfonamide 6: To a suspension of epoxide 5 (2.08 g, 5.6 mnK>l) in 2-propanol (20 mL) was 
added isobutylamine (10.7 mL, 108 mmol) and the solution was refluxed for 30 min. The 
solution was evaporated under reduced pressure and the crude solid was dissolved in CH2CI2 
30 (20 mL) and cooled to OX. NJSi -diisopropylethylamine (1 .96 mL, 1 1.3 nmool) was added 
followed by the addition of 4-methoxybenzenesulfonyl chloride (1.45 g, 7 mmot) in CH2CI2 
(5. mL) and the solution was stirred for 40 min at OX, warmed to room temperature- and 
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evq)orated under reduced pressure. The residue was partitioned between EtOAc and 
saturated NaHCCb- The organic pliase was washed with saturated NaCI, dried (MgS04), 
filtered and evaporated XLnder reduced pressure. The crude product was recrystallized jfcom 
EtOAc/hexane to give the sulfonamide (2.79 g, 81%) as a small white needles: mp 122- 
5 124X (uncorrected). 



Carbanaate 7: A sototion of sulfonaniide 6 (500 mg, 0.82 nunol) in CH2CI2 (5 mL) at O'^C 
was treated with ttifluoroacetic acid (5 mL). Tte sohition was stirred at 0*^ for 30 min and 
10 was removed from the cold bath stirring for an additional 30 min. Volatiles were evaporated 
under reduced pressure and the residue was partitioned b«ween CHiCli and saturated 

■ 

NaHCOa. The aqueous phase was extracted twice with CH2CI2 and the combined organic 
extracts were washed with saturated Nad, dried (MgS04)» filtered, and evaporated under 

■ 

reduced pressure. The residue was dissolved in CH3CN (5 mL) and was treated with (3R, 
15 3aR, 6aS)-hexahydrofiiro[2, 3-Z>]furan-2-yl 4-nitrophenyl carbonate (263 mg, 0.89 mmol, 
prepared according to Ghosh et al., J. Med. Cbem. 1996, 39, 3278.) and NJhl- 
dimethylaminopyridine (197 n^g, 1.62 mmol). After stirring for L5h at room teH?>erature, 
the reaction solvent was evaporated under reduced pressure and the residue was partitioned 
between EtOAc and 5% citric acid The organic phase was washed twice with 1% K2CO3. 
20 and then was washed with saturated NaCI, dried (MgS04), filtoed, and evaporated under 
reduced pressure. The crude product was purified by chromatography on silica gel (1/1 - 
EtOAc/hexane) aflfording the carbamate (454 mg, 83%) as a solid: mp 128-129°C (MeOH, 
uncorrected). 

25 Exanq)le7 

Phenol 8: A solution of carbamate 7 (1.15 g, 1.7 mmoQ in EtOH (50 mL) and EtOAc (20 
mL) was treated with 10% Pd/C (115 mg) and was stirred under H2 atmosphere (baltoon) for 
18h. The reactbn solution was purged with N2, filtoed through a 0.45 
evaporated under reduced pressure to afford the phenol as a solid that contained residual 
30 solvent: mp 13 M 34T (EtOAc/hexane, uncorrected). 



Example 6 
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Dibenzylphosphonate 10: To a solution of dibenzylhydroxymethyl phosphonate (527 mg, 
L8 mmol) in CH2Cfe (5 mL) was treated with 2,6-lutidine (300 ^iL, 2.6 mmol) and the 
reaction flask was cooled to -SO'^C (external tenqperature). Trifluoiomethanesulfonic 
anhydride (360 pL, 2.1 mnaol) was added and the reaction nodxture was stirred for 15 nun and 
then the cooling bath was allowed to warn to 0°C over 45 min. The reaction nsixture was 
partitioned between ether and ice-cold water. Tlie organic phase was washed with cold IM 
H3PO4. saturated NaCl, dried (MgS04), filtered and evaporated under reduced pressure to 
afford triflate 9 (697 nag, 91%) as an oil which was used directly without any fiirth^ 
purification. To a sohition of phenol 8 (775 mg, 1.3 nnnol) in THF (5 mL) was added 
CS2CO3 (423 mg, 1,3 mmol) and triflate 9 (710 mg, 1.7 mmol) in THF (2 mL). After stirring 
the reaction mixture for 30 min at room temp^atuie additional CS2CO3 (423 mg, 1.3 mmol) 

and triflate (178 mg, 0,33 mmol) were added and the mixture was stiired for 3.5h- The 

■ 

reactu>n mixture was evirated under reduced pressure and the residue was partitbned 
between EtOAc and saturated NaCL llie organic phase was dried (MgS04), filtered and 
evirated under reduced pressure. The crude product was chromatograpbed on silica gel 
ehiting (5% 2*propanoI/CH2Cl2) to give the dibenzylphosphonate as an oil that solidified 
upon standiog. Tbe solid was dissolved m EtOAc, ether was added, and the solid was 
precipitated at room tanperatiire ovanigbL After cooling to O^Q the solid was filtered and 
washed with cold ether to afford the dibenzylphosphonate (836 mg, 76%) as a white solid: 
'H NMR (CDCI3) 5 7.66 (d, 2H), 7.31 (s, lOH), 7.08 (d. 2H), 6.94 (d, 2H), 6.76 (d. 2H). 5.59 
(d, IH), 5.15-4.89 (m, 6H), 4.15 (d, 2H). 3.94-3.62 (m, lOH), 3.13-2.69 (m. 7H), 1.78 (m. 
IH), 1.70-1.44 (m, 2H), 0.89-0.82 (2d. 6H); ^'P NMR {C3Xh) 8 18.7; MS (ESI) 853 (M+H). 



25 



30 



Krample 9 

Phosphonic acid 11: A solution of dibenzylphosphonate 10 (0.81 g) was dssolved in EtOH/ 
EtOAc (3QmL/10 mL), treated with 10% Pd/C (80 mg) and was stirred undo- Ha atmosphere 
(balloon) for 1.5h. The reaction was purged with.N2, and the catalyst was removed by 
filtration through celite. The filtrate was evaporated under reduced pressure and the resklue 
was dissohred in MeOH and filtered with a 0.45 jiM filter. After evaporation of the filtrate, 
the residue was triturated with ether and the solid was collected by filtration to afiford the 
phosphonic acid (634 mg, 99%) as a white solid: NMR (CDCfe) 5 7.77 (d, 2H), 7. 19 (d, 
210, 7.09 (d. 2H), 6.92 (d, 2H), 5.60 (d, IH), 495 (m, IH), 4.17 (d. 2H), 3.94 (m, IH), 3.89 
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(s, 3H), 3.85^3.68 (m, 5H), 3.42 (dd, IH), 3.16-3.06 (m, 2H), 2.96-2.84 (m, 3H), 2.50 (m, 



6 16.2; MS (ESI) 671 (M-H). 



; ^^P NMR (CDCb) 



5 Example 10 

Diethylphosphonate 13: Triflate 12 was prepared from diethyl hydroxymethylphosphonate 
(2g, 11.9 mmol), 2,6-lutidme (2.1 mL. 17.9 mmol), and trifluoromethanesulfomc anhydride 
(2.5 mL, 14.9 mmol) as described for compound 9. To a solution of phenol 8 (60 nig, 0.10 
mmol) in THF (2 mL) was added CS2CO3 (65mg, 0.20 mmol) and triflate 12 (45 iqg, 0.15 
10 mmol) in THF (0.25 mL). The mixture was stirred at room ten^rature for 2h and additional 
triflate (0.15 mmol) inTHF(0.25mL) was added. After 2h the reaction mixture was 
partitioned between EtOAc and saturated NaQ. The oiganic phase was dried (MgS04), 





m 




f7 



silica gel (fitOAc) to give a residue tbat was purified by cbromatography on silica gel (5% 2- 
15 propanol /CH2CI2) to afifoid the dietbylphosphonate as a foam: 'H NMR (CDCI3) 5 7.66 (d, 
2H), 7.10 (d, 2H), 6.94 (d, 2H). 6.82 (d, 2H). 5.60 (d, IH). 4.97 (d, 2H). 4.23-4.13 (m, 6H). 
3.93-3.62 (m. lOH), 3.12-Z68 (m, 7H), 1.84-1.44 (m. 3H), 1.31 (t, 6H). 0.88-a82 (2d, 6H); 
^'P NMR (CDQa) 5 17.7; MS (ESI) 729 (M+H). 

20 Example 11 

Diphenylphosphonate 14: To a solution of 11 (lOOmg, 0.15 mmol) and phenol (141 n^g, L5 
mmol) in p)ddine (L5 inL) was added N, N-diisopropylcarbodiinu The 
solution was stirred for 31h at room tempwature and for 20h at 50°C The solvent was evaporated 
under reduced pressure and the residue was purified by chromatography on silica gel eluting 
25 (EtOAc) to provide diphenylphosphonate 14 (16 mg) as a foam: '^P NMR (CDCI3) 5 10.9; MS 
(ESI) 847 (M+Na). 

to 

Example 12 

Bis-Poc-phosphonate 15: To a solution of 1 1 (50 mg, 0.74 mmol) and isopropylchloromethyl 
30 carbonate (29 mg, 0. 19 mmol) in DMF (0.5 mL) was added ttiethylamine (26 pL, 0. 19 
mmol) and the solution was heated at 70°C (bath teiqierature) for.4.5h. The reaction was 
concentrated under reduced pressure and the residue tvas purified by preparative layer 
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10 



15 



20 



25 



chromatography (2% 2-propanoI/ GHaQz) to afford 15 (7 ing): ']H NMR (CDas) 8 7.71 (d, 
2H), 7:15 (d, 2H); 7.01 (d, 2H). 6.93 (d, 2H), 5.80-5.71 (m. 4H). 5.67 (d, IH), 5.07-4.87 (m. 
4H), 4.35 (d, 2H), 4.04-3.68 (m, lOH), 3.13 (dd, IH), 3.04-2.90 (m. 5H), 2.79 (dd. IH), 1.88- 
1.50 (m. 3H+H2O peak), 1.30 (m, 12H), 0.93 (d, 3H), 0.88 (d, 3H); NMR (CDCfe) 5 19.6. 

Example 13 

Synthesis of Bisamidates 16a-j. Representative Procedare. Bsamidate 16f: A solution of 
phosphonic acid 11 (100 ing, 0.15 mmol) and (S)-2-aminobutyric acid butyl ester 
hydrochloride (1 16 mg, 0.59 mmol) was dissolved in pyridine (5 inL) and the solvent was 
distilled unda reduced pressure at 40-60°C The residue was treated witha solution of PI113P 
(1 17 mg, 0,45 mmol) and 2,2 -dipyridyl disulfide (98 mg, 0.45 mmol) in pyridine (1 mL) 
stirring for 20t at room temperature. The solvent was evirated under reduced pressure and 
the residue was cfacomatogra|ri)ed on silica gel (1% to 5% 2-propanol/CH2Cl2). The purified 
product was suspended in etho' and was evirated under reduced pressure to afford 
bisamidate 16f (106 mg, 75%) as a white solid: 'H NMR (CDQa) 5 7.72 (d, 2H), 7.15 (d, 
2H), 7.01 (d, 2H), 6.87 (d, 2H), 5.67 (d, IH), 5.05 (m, IH). 4.96 (d, IH). 4.19-3.71 (m 
overlapping s, 18H,), 3.42 (t. IH), 3.30 (t, IH), 3.20 (dd, IH), 3.20-2.97 (m, 4H), 2.80 (dd, 
2H), 1.87-1.54 (m, 19H), 1.42-1.35 (4H), 0-97-0.88 (m, 18H); "P.NMR (CDCI3) 8 20.3; MS 
(ESI) 955 (M+H). .. - 
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Example 14 

Diazo ketone 17: To a solution of N-tert-Butoxycarbonyl-p-hromo-L-phenylalanine (9.9 g, 
28.8 mmol, Synthetech) in dry THF (55 mL) at -25-30X: (external bath ten?>erature) was 
added isobutylchloroformate (3.74 mL, 28.8 nunol) foUowed by the slow addition of N- 
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methylmoipholine (3.16 mL, 28.8 mmol). The mixture was stirred for 25 min, filtered while 
cold, and the filtCT cake was rinsed with cold (0»Q THF (50 mL). The filtrate was cooled to 
- TS^C and diazomethane (-50 mmol, generated from 15 g diazald according to AWrichimica 
Acta 1983, 16, 3) in ether (-150 mL) was poured into the mixed anhydride solution, llie 
5 reaction was stirred for 15 min and was then placed in an icebath at 0°C, allowing the bath to 
warm to room temperature while stirring overnight for 15 h. The solvent was evaporated 
under reduced pressure and the residue was suspended in ether, washed with wat», saturated 
NaHCOj, saturated NaCl, dried (MgS04), filtered and evaporated to a pale yellow solid. The 
crude solid was slurried in hexane, filtered, and dried to afford diazo ketone 17 (9.73 g, 90%) 
10 which was used directly in the next step. 

Example 15 

Chtoroketone 18: To a sohitfon of diazoketone 17 (9.73 g. 26 mmol) in ether (500 mL) at 
CC was added 4M HQ in dioxane (6.6 mL. 26 mmol). TTie solution was stined for 1 h at 
15 (y^ and 4M Ha in dioxane (1 mL) was added. After Ih, the reaction solvent was 

evirated under reduced pressure to afford the cMoroketone 18 (9.79 g, 98%) as a white 
solid. 



Exa mple 16 

Chloroalcohol 19: A solution of chloroketone 18 (9.79g, 26 mmol) in TIB* (180 mL) and 
water (16 mL) was cooled to 0^ (internal temperature). Solid NaBH4 (2.5 g, 66 mmol) was 
added in several portions over a period of 15 min while maintaming the internal temperature 
below 5''C The mixture was stirred for 45 min and saturated KHSO4 was stowly added until 
tliepH<3. The mixture was partitioned between EtOAc and water. The aqueous phase was 
extracted with EtOAc and the combined oigarac extracts wae washed with brine, dried 
(MgSO*) filtered and evj^rated under reduced pressure. The residue was dissolved in 
EtOAc. and was passed through a short column of silica gel, and the solvent was evaporated. 
The solid residue was recrystallized fiomEtOAc^iexane to afford the chloroalcohol 19 
(3.84g) as a white solid. 

Example 17 

Epoxide 21: A partial su^osion of chloroalcohol 19 (l.I6g, 3.1 mmol) in EtOH (50 mL) 
was treated with KzCCb (2g, 14.5 mmol) and the mixture was stirred for 4 h at room 
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teinperature. The reaction mixture was diluted with EtOAc, filtered, and the solvents were 
evaporated under reduced pressure. The residue was partitioned between EtOAc and 
saturated NaCl. and the organic phase was dried (MgS04), filtered, and evaporated under 
reduced pressure to afford epoxide 21 (L05g, 92%) as a white crystalline solid, 

•5 

Exanyle 18 

Sulfonamide 22: To a solution of epoxide 21 (L05g, 3.1 mmol) in 2-propanoI (40 mL) was 
added isobutylamine (6 mL, 61 mmol) and the solution was refluxed for 30 min. The 
solution was evaporated under reduced pressure and the crude solid was dissolved in CH2a2 
lb (20 mL) and cooled to 0°C. Triethylamine (642 jjL, 4.6 mmol) was added folbwed by the 

addition of (634 mg, 3.4 mmol) in CH2CI2 (5 mL) and the solution was sii^ 
at which time the reaction sohition was treated with additional triethylamine (1^ mmol) and 
... 4-methoxybenzenesulfonyl chbride (0.3 1 mmol). After 1.5 h, tfie reaction sohition was 

evirated under reduced pressure. The residue was partitioned between EtOAc and cold 
15 IMH3PO4. The oiganic phase was washed with saturated NaHCCb, satu^ 

* 

(MgS04), filt«ed and the solvent was evaporated under reduced pressure. Hie crude product 
was purified on silfca gel (15/1 - ClfeCfe/EtOAc) to afford 1.67g of a solid which was 
recrystallized from EtOAc/bexane to give sulfonamide 22 (L54g, 86%) as a white ciystaBine 
solid. 

20. 

* 

Example 19 

Sflyl ether 23: To a solution of the sulfonamide 22 (1.53g. 2.6 mmol) in CthCk (12 mL) at 
OT was added N^-diisopropylethylamine (0.68 mL, 3.9 mmol) followed by t^t- 
butyldimethylsilyl trifluoromethanesulfonate (0.75 mL, 3.3 mmol). The reaction sohition 
25 was stirred for 1 h at 0**C and was warmed to room temperature, stirring for 17 h. Additional 
N,N-diisopropylethylamine (3.9 mmol) and tert-butyldimethylsilyl trifluoromethanesulfonate 
(1.6 mmol) was added, stirred for 2.5h, then heated to reflux for 3h and stirred at room 

• * 

temperature for 12 k The reaction mixture was partitioned between EtOAc and cold IM 
H3PO4. The organic phase was washed with saturated NaHCQa, saturated NaO, and was 
30 dried (MgS04), filtered and;ev£^rated under reduced pressure. The crude product was 

purified on silica gel (2/1 - hexane/ether) to afford silyl ether 23 (780 mg, 43%) as an oiL 

■ 

F.y;y|r)f^p]|y. 9(> 
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and diethylphosphite (0.24 mmol, L85 mmol) in toluene (2 noL) was purged with argon and 
to the solution was added (Ph3P)4Pd (43 mg, 10 mol%). The reaction mixture was heated at 
llOX (bath teii5)erature) for 6 h» and was then allowed to stir at room temperature for 12h: 
The solvent was evaporated under reduced pressure and the residue was partitioned between 
ether and water. The aqueous phase was extracted with ether and the conibined organic 
extracts were washed with saturated NaCl» dried (MgSO^), filtered, and the solvent was 
evaporated under reduced pressure. The residue was purified by chronaatogrq)hy on silica 
gel (2/1 - ethyl acetate/hexane) to afford diethylphosphonate 24 (153 rag, 55%). 

Example 21 

Phosphonic acid 26: To a solution of 24 (143 mg) in MeOH (5 mL) was added 4N HCl (2 
naL). The solution was stirred at room t^x^ratore for 9h and was evaporated under reduced 
pressure. The residue was triturated with ether and the solid was collected by filtration to 
provkie hydrochforide salt 25 (100 mg, 92%) as a white powder. To a solution of X (47 mg, 
0.87 mmol) in CH3CN (1 mL) at OX was added TMSBr (130 pL, 0-97 mmoft. The reaction 
was warmed to room temperature and stirred for 6.5h at which time TMSBr (0.87 mmol) was 
added and stirring was continued for 16h. The sohition was cooled to O^'C and was quenched 
with several drops of ice-cold water. The solvents were evaporated under reduced pressure 
and the residue was dissolved in several milliters oif MeOH and treated with propylene oxide 
(2mL). The mixture was heated to gentle boiling and evirated. The residue was triturated 
with acetone and the solid was collected by filtration to give phosphonic acid 26 (32 xng, 
76%) as a white solid. 

Example 22 

Phosphonate 27: To a suqirasion of 26 (32 mg, 0.66 mmol) in CH3CN (1 mL) was added 
bis(trimethylsilyl)acetamide (100 pL, 0.40 ramol) and the solution was stirred for 30 min at 
room ten^ature. The solvent was evaporated under reduced pressure and the residue was 
dissolved in CH3CN (1 mL). To this solution was added (3R, 3aR, 6aS)-hexahydrofuro[2, .3- 
fc]furan-2-yl 4-nitrophenyl carbonate (20 mg, 0.069 mmol, prepared according to Ghosh et aL 
J. Med. Chem. 1996, 39, 3278.), NJ^-diisopropylethylamine (35 ^iL, 0.20 mmol), and NJSt- 
dimethylaminopyridine (catalytic amount). The solution was stiired for 22h at room 
ten5)erature, diluted with water (0.5 mL) and was stirred with IR 120 ion exchange resin (325 
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mg, H* fonn) until the pH was <1 The resin was removed by filtration, washed with 
methanol and the filtrate was concentrated under reduced pressure. The residue was 
dissolved water, treated with solid NaHCCb until pH=8 and was evaporated to dryness^ The 
residue was dissolved in water and was purified on CI 8 reverse phase chromatography 
eluting with water followed by 5%, 10% and 20% MeOH in water to give the disodium salt 
27 (24 mg) as a pale yellow solid: NMR (D2O) 5 7.72 (d, 2H), 7.52 (dd, 2H), 7.13 (dd, 
2H), 7.05 (d, 2H), 5.58 (d, IH), 4.87 (m, IH), 3.86-3.53 (m overlapping s, lOH), 3.22 (dd. 
IH), 3.12-2.85 (6H), 2.44 (m, IH), 1.83 (m. IH). 1.61 (m, 1H)1.12 (dd. IH), 0.77 (m, 6H); 
^'PNMR (D2O) 5 11.23 ; MS (ESI) 641 (M-H). 



•■- Example 23 . 

■ 

. Piethylphpsphonate 28: To a solution of 25 (16 mg. 0.028 mmol) in CHsCN (0.5 mL) was 
added (3R, 3aR. 6aS)-hexahydro&ro[2, 3-i>]fiiraD-2-yl 4-nitrophenyl carbonate (9 mg, 0.031 
: ™>»l).N.N-diisopropylethylamine (20 0.11 mmol), and N.N-di^^ 

15 (qaialytic amount). Hie solution was stirred at room temperature for 48 h and was then 
concentrated under reduced pressure. The residue was partitioned between EtOAc and 
saturated NaHCQj. The organic phase was washed with saturated NaHCCb, saturated NaCl. 
and was dried (MgSOa filtered, and concentrated under reduced pressure. The residue was 
purified by silica gel chromatography (2.5-5% 2-propanol/CH2Cl2). The residue obtained 

20 was further purified by preparative layer chromatography (5% MeOH/OfcCb) followed by 
cohimn chromatography on silica gel (10% 2-propanol/CH2Cl2) to afford diethylphosphonate 
28 (7 mg) as a foana: 'h NMR (CDCI3) 6 7.72-7.66 (m. 4H), 7.32-7.28 (2H), 6.96 (d. 2H), 
5.60 (d, IH), 4.97 (m, 2H), 4. 18-4.01 (m. 4H), 3.94-3.60 (m overlapping s, lOH), 3. 15-2.72 
(m, 7H), 1.78 (m, IH), 1.61 (m+H20, ~3H), 1.28 (t; 6HX 0.86 (m, 6H); NMR (CDCfe) 5 

25 18.6 ; MS (ESI) 699 (M+H). 

RpspectivB Examplft 7A 

Diphenyl phosphonate 14 is treated with aqueous sodium hydroxide to provide monophenyl 
I^sphonate 29 according to the method found in J. Med. Chem. 1994, 37, 1857. 
30 ftfonophenyl phosphonate 29 is then converted to the monoamidate 30 by reaction with an 
amino acid ester m the presence of Pha and 2,2'-dipyridyI disulfide as desoibed in the 
synthesis of bisamidate 16f. Alteratively, monoamidate 30 is prepared by treating 29 with an 



387 



• 1^ ' ^gr/EF 03/ 1 24 2 

WO 2004/096818 PCT/EP2003/012423 

amino acid ester and DCC. Coupling conditions of this type are found in BulL Chem. Soc. 
Jpa 1988,61,4491. 

Example 25 

Diazo ketone 1: To a solution of N-tert-Butoxycarbonyl-O-benzyl-L-tyrosine (25 g, 67 
nunol, Fhika) in dry IHF (150 mL) at -25-30°C (external bath temperature) was added 
isobutylchlorofonnate (8.9 inL, 69 mmol) followed by the slow addition of 
N.methylmorpholine (37.5 mL. 69 mmol). The mixture was stirred for 40 min. and 
diazomethane (170 mmol, generated from 25 g l-irethyl-3-nitro-l-nitroso-guanidine 
according to Aldrichimica Acta 1983, 16, 3) in ether (400 mL) was poured into the mixed 
anhydride solution. The reaction was stirred for 15 min altowing the bath to warm to lOom 
temperature while stirring overnight for 4 h. The mixture was bubbled with N2 for 30 min., 
washed with water, saturated NaHCOj, saturated Nad. dried (MgS04), filtered and 
evaporated to a pale yellow solid. The crude solid was slurried in hexane, Slt&ced, and dried 
to afford the diazo ketoi^ (26.8 g, 99%) which was used directly in the next step. 

Example 26 

CWoroketone 2: To a suspension of diazoketone 1 (26.8 g, 67 mmol) in ether/THF (750 mL, 
3/2) at O^C was added 4M HQ in dioxane (16.9 mU 67 mmol). The solution was stirred at 
0°C for 2 hr. The reaction solvent was evaporated under reduced pressure to give the 
chloroketonc (27.7 g, 97%) as a solW. 

Example 27 

CM)roalcohol 3: To a sohition of chloroketone 2 (127.1 g, 67 mmol) in THF-(350 mL) was 
added water (40 mL) and the solution was cooled to 3-4**C (internal temperature). NaBH4 
(6.3 g, 168 mmol) was added in portbns. The mixture was stinred for Ih at O^C and the 
solvents were removed. The mixture was diluted with ethyl acetate and saturated KHSO4 
was stowly added until the pH<4 followed by saturated NaCl The organic phase was washed 
with saturated NaCl, dried {MgS04) fBtered and evaporated under reduced pressure. The 
crude product consisted of a 70:30 mixture of diastercomers by PIPLC analysis (mobile 
phase, 77:25-CH3CN Jl20; flow rate: I mL/min; detection: 254 ran; sample volume: 20 \iL; 
column: 5(i C18, 4.6X250 mm, Varian; retention times: major diastereomer 3, 5.4 min, minor 
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diastereomer 4, 6. 1 min). The residue was recrystallized from EtOAc/hexane twfce to afford 
the chloro alcohol 3 (12.2g, >96% diastereomeric purity by HPLC analysis) as a white solid. 

Example 28 

S Epoxide 5: To a solution of cbtoroalcoho) 3 (12. 17 g, 130 mmol) in EtOH (300 mL) was 
. added KOH/EtOH solution (0-7 IN, 51 mL, 36 mmol). The mixture was stirred for at room 
temperature for l.Sb. The reaction mixture was evaporated under reduced pressure. The 
residue was partitioned between EtOAc and water and the organic phase was washed with 
saturated NH4a, dried (MgS04), filtered, and evaporated under reduced pressure to a^rd 

10 the epoxide (10.8 g, 97%) as a white solid. 



Example 29 

a suspension of epoxide 5 (10.8 g, 30 mmol) in 2-propanol (100 mL) was 
added isobutylamine (129.8 mU 300 nmiol) and the solution was refluxed for 1 hr. The 
IS solution was evaporated under reduced pressure to give a crude solid. The solid (42 mmol) 
was dissolved in CH2CI2 (200 mL) and cooled to O'^C. Triethylamine (1 1.7 mL, 84 mmol) 
was added followed by the addition of 4-methoxybenzenesulfonyl chloride (8.68 g, 42 mmol) 
and the solution was stirred for 40 min at 0°C, warmed to room teinperature and evaporated 
under reduced pressure. The residue was partitioned between EtOAc and saturated NaHCCb. 
20 The organic phase was washed with saturated Nad, dried (MgS04), filtered and evaporated 
. under reduced pressure. The crude product was recrystallized from EtOAc/hexane to give the 
sulfonamide (23.4 g, 91%) as a small white needles: mp 122-124''C (uncorrected). 



Exanyh 



25 Carbamate 7: A solution of sulfonamide 6 (6.29 mg, 10.1 mmol) m CH2CI2 (20 mL) was 
treated with trifluoroacetic acid (10 mL). The solution was stiired for 3 hr. Volatiles were 
evaporated und^ reduced pressure and the residue was partitioned between EtOAc and 0.5 N 
NaOH. The organic phase w^e washed with 0.5 N NaOH (2x), water (2x) and saturated 
NaCl, dried (MgS04), filtered, and evaporated under reduced pressure. The residue was 

30 dissolved in CH3CM (60 mL), cooled to O'^C and was treated with (3R, 3aR, 6aS)- 
hexahydroiuro[2, 3-6]furan-2-yl 4-nitrophenyI carbonate (298.5 g, 10 mmol, prepared 
according to Ghosh et al. J. Me± Chem 1996, 39, 3278.) and N Jf-dimethylaminopyridme 
(2.4 g, 20 mmoQ. After stirring for Ih at 0^C,.the reaction solvent was evaporated under 
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reduced pressure and the residue was partitioned between EtOAc and 5% citric acid The 
organic phase was washed twice with 1% ^Os, and then was washed with saturated NaCl, 
dried (MgS04), filtered, and evaporated under reduced pressure. The crude product was 
purified by chromatography on silica gel (1/1 - EtOAc/hexane) affording the carbamate (5.4 
5 g, 83%) as a soUd: mp 128-129%: O^eOH, uncorrected). 

Example "^l 

Phenol 8: A solution of carbamate 7 (5.4 g, 8.0 mmol) in EtOH (260 mL) and EtOAc (130 
raL) was treated with 10% Pd/C (540 mg) and was stirred under H2 atmosphere (baltoon) for 
10 3h. The reaction solution stirred with celite for 10 min, and passed through a pad of celite. 
The filtrate was evaporated under reduced pressure to afford the phenol as a solid (4.9 g) that 
contained residual solvent: mp 13H34°C (EtOAc/hexane, uncorrected). 

* 

Example 32 

15 Dibenzylphosphonate 10: To a solution of dibenzylhydroxymethyl phosphonate (3.1 g, 10.6 
mmol) in CHiCh (30 mL) was treated with 2,6-hitidine (1.8 mL. 15.6 mmol) and the reaction 
flask was cooled to -50°C (external tenrperature). Trifluoromethanesulfonic anhydride (2.1 1 
mL, 12.6 rnmol) was added and the reaaion nnxtoie was stirred for 15 mm and then the 
cooling bath was allowed to warm to OTovCT 45 mm. TTie reaction mixture was partitioned 

20 between ether and ice-cold water. The organic phase was washed with cold IM H3PO4. 
saturated Nad, dried (MgS04), ffltered and evaporated undo: reduced pressure to afiford 
triflate 9 (3.6 g, 80%) as an oil which was used directly without any further purification. To a 
solution of phenol 8 (3.61 g, 6.3 mmol) in TEJF (90 mL) was added G2CO3 (4.1 g, 12.6 
mmol) and tiiflate 9 (4.1 g, 9.5 mmol) in THF (10 mL). After stirring the reaction mixture 

25 for 30 min at room temperature additional CS2CO3 (6.96 g, 3 mmol) and triflate (1.26 3 
mmol) were added and the mixture was stirred for 3.5h. The reaction mixture was 
evaporated under reduced pressure and the residue was partitioned between EtOAc and 
saturated NaCL The organic phase was dried (MgSO*), filtered and evaporated under 
reduced pressure. The crude product was chromatographed on silica gel elating (5% 2- 

30 propanol/CH2Cl2) to give the dibenzy^)hosphonate as an oil that solidified upon standing. 
The solid was dissolved in EtOAc, ether was added, and the solid was precipitated at room 
ten^erature overnight. After cooling to 0°C the solid was ffltwed and washed with coW ether 
to afford the dibenzylphosphonate (3.43 g, 64%) as a white solid: 'H NMR (CDas) 5 7.66 
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(d, 2H). 7.31 (s, lOH). 7.08 (d. 2H), 6.94 (d, 2H), 6.76 (d, 2H), 5.59 (d. IH), 5.15-4.89 (m, 
. 6H), 4.15 (d. 2H), 3.94-3.62 (m, lOH). 3.13-2.69 (m, 7H), 1.78 (m, IH), 1.70-1.44 (m, 2H), 
0.89-0.82 (2d, 6H); ^'P NMR (CDCI3) 5 18.7; MS (ESI) 853 (M+H). 

Phosphonic acid 1 1 : A solution of dibenzylphosphonate 10 (3.43 g) was dissolved in EtOH/ 
. EtOAc (150 mU50 mL), treated with 10% Pd/G (350 iqg) and was stirred under Efe 
atirasphere (balloon) for 3 h. The reaction mixture was stirred with celite, and the catalyst 
was removed by filtration through celite! The filtrate was evaporated under reduced pressure 

10 and the residue was dissolved in MeOH and filtered with a 0.45 pM filter. After evaporation 
of the filtrate, the residue was triturated with ether and the solid was collected by filtration to 
^afford the.phosphoaic acid (2.6 g, 94%) as a white solid: 'H NMR (CDQa) 5 7.77 (d, 2H), 
7,19 (d, 2H). 7.09 (d. 2H). 6.92 (d, 2H), 5.60 (d, IH), 4.95 (m, IH), 4.17 (d, 2H), 3.94 (m, 
: . Hi). 3.89 (s, 3H). 3.85-3.68 (m, 5H), 3.42 (dd, IH). 3.16-3.06 (m. 2H), 2.96-2.84 (m, 3H), 

15 2^0 (m, IH), 2.02 (m. IH). 1.58 (nx IH). 1.40 (dd. IH), 0.94 (d, 3H). 0.89 (d, 3H); ''P NMR 
(CDClj) 5 16.2; MS (ESI) 67 1 (M-H). 
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There is no Section B in this application. 
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Example Section C 

Example 1 

Diphenyl phosphonaie 31: To a solution of phosphonic acid 30 (1 1 g, 16.4 mmol) and phenol 
(U g, 117 mmol) in pyridine (100 mL) was added 1, 3-dicyclohexylcarbodiimide (133 g, 
65^ mmol). The solution was stirred at room temp^ature for 5 min and then at TO^'C for 2h. 
The reaction mixture was cooled to room tenfl)erature, dilated with ethyl acetate (100 mL) 
and filtered. The filtrate was evaporated under reduced |»:essure to remove pyridine. The 
residue was dissolved in ethyl acetate (250 mL) and nidified to pH = 4 by addition of HCl 
(0.5N)at O«C The mixture was stirred at O^'C for 0.5 h, filtered and the organic phase was 
separated and washed with hrme. dried over MgS04. filtered and concentrated under reduced 

• • ■ 

pressure. The residue was purified on silica gel to give d^henyl pbosphonate 31 (9 g, 67%) 
j^asolid. ^'PNMRCCDasXdlZJ. 

Example 2 

Monophenyl phosphonate 32: To a solution of diphenylphosphooate 31 (9.0 g, 10,9 mmol) in 
acetonitrile (400 mL) was added NaOH (IN, 27 mL) at 0°C. Hie reaction mixture was stined at 

< 

for 1 h, and then treated with Dowex (50WX8-200. 12 g). The mixture was stiired for 0 J h 
at 0°C, and then filtered. The filtrate was concentrated und^ reduced pressure and co- 
evaporated with tohiene. The residue was dissolved in ethyl acetate and h^cane was added to 
precipitate out the monophenyl phosphonate 32 (8.1 g, 100%). ^^P NMR (CDCk) d 18.3. 

Exanyle3 

Monoamidate 33a (Ri = Me, Ri = n-Bu): To a flask charged with monophenyl pho^honate 
32 (4.0 g, 5.35 mmol) , was added L-alanine n-butyl ester hydrochbride (4.0 g, 22 mmol), 1, 
3-dicyclohexyIcarbodiimide (6.6 g, 32 mmol), and finally pyridine (30 mL) under nitrogen. 
JbR resultant mixture was stirred at 60 - 70X for 1 h, then cooled to room temperature and 
dfluted with ethyl acetate. The mixture was filtered and the filtrate was concentrated under 
reduced pressure. The residue was partitioned between ethyl acetate and HCl (0.2 N) and the 
organic layer was separated. The ethyl acetate phase was washed with water, saturated 
NaHCOs, dried over MgS04 , filtered and concentrated under reduced pressure. The residue 
was purified on silica gel (pre-treated with 10% MeOH / CHsCOaEt, eluting with 40% 
OiiCk I CH3C02]Et and CH3C02Et) to give two isomers of 33a in a total yield of 51%. 
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Isomer A (1.1 g): IH NMR (CDCI3) d 0.88 (m. 9H), 1.3 (m, 2H), 1.35 (d, J a 7 Hz, 3H), 1.55 
(m, 2H), 1.55-1.7 (m, 2H), 1.8 (m, IH), 2.7-3.2 (m, 7H), 3.65-4.1 (m, 9H). 3.85 (s, 3H). 4.2 
(m. IH), 4.3 (d, J = 9.6 Hz, 2H), 5.0 (m, 2H), 5.65 (d, J = 5.4 Hz, IH), 6.85 (d, J = 8.7 Hz, 
2H). 7.0 (d. J = 8.7 Hz. 2H), 7. 1-7.3 (m, 7H), 7.7 (d, J = 8.7 Hz, 2H); ^'P NMR (CDCI3) d 

5 20.5.IsonierB(1.3g)lHNMR(CDa3)d0.88(in,9H),1.3(m.2H),1.35(d.J=7Hz,3H), 
1.55 (m, 2H), 1J5-1.7 (m, 2H). 1.8 (na, IH). Z7-3.2 (m, 7H). 3.65-4.1 (m, 9H), 3.85 (s. 3H), 
4^^.35 (m, 3H), 5.0 (m, 2H), 5.65 (d, J = 5.4 Hz, IH), 6.85 (d. J = 8.7 Hz, 2H). 7.0 (d, J = 
8.7 Hz, 2H), 7.1-7.3 (m, 7H), 7.7 (d, J = 8.7 Hz, 2H); ''P NMR (CDCI3) d 19.4. 

10 Example 4 

Monoamidate 33b (Ri = Me, R2 = i-Pr) was synthesized in the same manner as 33a in 77% 
yield. Isomer A : IH NMR (CDC13) d 0.9 (2d. J = 6.3Hz, 6H). 1.2 (d. J = 7 Hz, 6H). 1.38 (d. 
J = 7 Hz. 3H), 1.55-1.9 (m. 3H), 2.7-3.2 (m. 7H), 3.654.1 (m. 8H), 3.85 (s, 3H), 4.2 (m, IH), 
4.3 (d, J = 9.6 Hz, 2H), 5.0 (m, 2H), 5.65 (d. J = 5.4 Hz. IH), 6.85 (d, J » 8.7 Hz. 2H). 7.0 (d. 
15 J = 8.7 Hz, 2H), 7.1-7.3 (m. 7H), 7.7 (d, J = 8.7 Hz, 2H); "P NMR (CXCfe) d 20.4. Isomer 
B:lHNMR(CX)a3)d0.9(2d,J = 6.3H2. 6H), 1.2 (d, J = 7 Hz. 6H). 1.38 (d, J = 7 Hz. 
3H). 1.55-1.9 (m, 3H), Z7-3.2 (m, 7H). 3.654.1 (m. 8H), 3.85 (s, 3H). 4.2 (m. IH), 4.3 (d. J 
= 9.6 Hz, 2H). 5.0 (m, 2H), 5.65 (d, J = 5.4 Hz, IH). 6.85 (d. J = 8.7 Hz, 2H). 7.0 (d. J = 8.7 
Hz, 2H), 7. 1-7.3 (m. 7H). 7.7 (d. J = 8.7 Hz. 2H); ^'P NMR (CDCb) d 19.5. 
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Emmple Section D 

Example 1 

Cyclic Anhydride 1 (6.57 g, 5L3 mmol) was treated according to the procedure of Brown et 
5 aL, 1 Amer. Chenu Soc. 1955, 77, 1089 -1091 to afford amino alcohol 3 (2.00g, 33%). for 
intermediate 2 : NMR (CD3OD) 5 2.40 (S. 2H), 120 (s. 6H). 



Example 2 

• Amino alcohol 3 (10 g, 17 mmol) was stirred in 30 mL 1:1 THF: water. Sodhun 
10 Bicarbonate (7.2 g, 86 mmol) was added, followed by Boo Anhydride (4. 1 g, 19 mmol). The 
. reaction was stirred for 1 hour, at which time TLC in 5% methanol/DCM with nmhydrin stain 
• ; showed completion. The reaction was partitioned between water and ethyl acetate. The 
organic layer was dried and concentrated, airf the resulting mixture was chromatograpbed on 
silica in 1 :1 hexane: ethyl acetate to afford two ficactions, "upper" and "lower" each having 
15 the correct mass. By NMR the correct product 4 was "lower" (0.56 g. 14%) NMR 
(CDCI3) 5 3.7 (t, 2H), 3.0 (42H), 1.45 (t,,2H) 1.4 (s, 9H), 0.85 (s, 6H), 
MS (ESI): 240 (M + 23). 



Example 3 

20 Sk>dnmi Hydride (60% onulsion in oil) was added tea sohition of the alcohol 4 

(l.lg, 5.2 mmol) in dry DMF in a 3-neck flask mider dry nitrogen. Shortly afterward triflate 
35 (2.4 g, 5.7 mmol) was added with stirring for 1.5 hrs. Mass spectrometry showed the 
presence of the starting material (240, M+23), thus 100 mg more 60% sodium hydride 
emulsion as well as - 1 g more triflate were added with an additional hour of stirring. The 

25 reaction was quenched by the addition of saturated NaHCOj then partitioned between ethyl 
acetate and water. The organic layer was dried with brine and MgS04 and eluted on silica 
with 1:1 hexane:ethyl acetate to afford 5 (0.445 g, 15%). NMR showed some contamination 
with alcohol 4 starting material NMR (OXls): 6 7.28 (s. lOH), 5.00 (m, 4H), 3.70 (t. 
2H), 2.94, (d, 2H), 1.44 (t, 2H), 1.40 (s, 9H), 0.83 (s, 6H) MS (ESI): 514 (M+23). 



Exam ple 4. 

. Phosphonate ester 5 (0.445 g, 0.906 mmol) was stirred with with 20% TFA in DCM (5 mL) 
TLC showed con^letioa in 1 hr time. The reaction was azeotroped with toluene then run on 

* 
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a silica gel colunin with 10% methanol in DCM. Subsequently, the product was dissolved in 
ethyl acetate and shaken with saturated sodium bicarbonate: water (1:1), dried with brine and 
imgnesium sul&te to afford the free amine 6 (30mg, 8^%). 'H NMR (CDCb): 5 7.30 (s, 
lOH), 5.00 (m, 4H), 3.67 (d, 2H), 3.47, (t, 2H), 2.4-2.6 (brs) 1.45 (t, 2H), 0.82 (s, 6H), MS 
5 (ESI): 393 (M+1). 

w 

t 

Example 5 

Amine 6 (30 mg, 0.08 namol) and epoxide 7 (21 mg, 0.08 mmol) were dissolved in 2 mL 
IprOH and heated to reflux for 1 hr then monitored by TLC in 10% MeOH/DCM. Added 

10 -20 mg more epoxide 7 and continued reflux for 1 hr. Cool to room ten5)erature, dilute with 
ethyl acetate, shake with water and brine, dry with magnesium sulfate. Silica gel 
chromatography using first 5% then 10% MeOH in EtOAc yielded ainine 8 (18 mg, 36%). 

NMR (CDCI3): 6 7.30 (s, lOH), 7.20-7-14 (m, 5H), 5.2S4.91 (m, 4H), 3.83, (m, IH), 3.71 
(d, 2H) 3.64 (m, IH). 3.54 (t, 2H), 3.02-2.61 (m, 5H), 265-2.36 (dd, 2H) (t, 2H), 1.30 (s, 9H) 

15 0.93 (s, 9H) 0.83 (t, 2H) MS (ESI) 655 (M+1). 

Example 6 

Amine 8 (18 mg, 0!027 mmol) was dissolved in 1 mL DCM then acid chloride 9 (6 mg, 0.2 
mmol) followed by triethylamine (0.004 mL, 0.029 mmol). The reaction was monitored by 

20 TLC. Upon con]{>letion the reaction was diluted with DCM shaken with 5% citric acid, 
saturated sodium bicarbonate, Mne, and dried with MgSQ4. Purification on silica (1:1 
. Hexane:EtOAc) afforded sulfonamide 10 (10.5 n^, 46%). *H NMR (CX>Cb): 6 7-69 (d, 21^, 
7.30 (s, lOH), 7.24-7-18 (m, 5H), 5.00 (m, 4H), 4.73, (d, IH), 4.19 (s, IH) 3.81 (m, IH), 3.80 
(s. 3H), 3.71 (42H). 3.57 (t, 2H). 3.11-2.95 (m, 5H) 2.75 (in,lH)1.25 (s, IH), 0.90 (s, 6H) 

25 MS (ESI) 847 (M+Na*). 

Example 7 

Sulfonamide 10 (10.5 n^, 0.013 mmol) was stirred at rDomten?)erature m 20% 
TFA/DCM. Once Boc deprolection was conq>lete by TLC (1:1 Hexane:EtOAc) and MS, the 
30 reaction was azeotroped with toluene. The TEA salt of the amine was dissolved in 

acetonitrile (0.5 mg) and to this were added carbonate 1 1 (4.3 mg. 0.014 mmol) followed by 
DMAP (4.6 mg, 0.038 mg). Stir at room teirp until TLC (1:1 Hexane:EtOAc) shows 
completion. Solvent was evaporated and the residue was redissolved m EtOAc then shaken 
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with saturated NaHCOs- The orgamc layer was washed with water and brine, then dried with 
MgS04 Purification on silica with Hexane: EtOAc aff(»ded compound 12 (7.1 mg, 50%). 'h 
NMR (CDCh): d 7.75 (d. 2H) 7.24-7.35 (15H) 6.98 (d, 2H). 5.62 (d, IH) 5.04 (m, 4H) 4.98 
(m, IH) 4.03 (m, IH), 3.85 (s, 3H), 3.61-3.91 (9H), 3.23-3.04 (5H) 2.85 (m, IH), 2.74 
(in,lH) 1.61 (d, 2H), 1.55 (m, IH) 1.36 (m, IH) 0.96 (d, 6H) MS (ESI): 903 (M+23). 

Examples 

Corcpound 12 (6.1 mg, 0.007 mmol) was dissolved in 1 mL 3:1 EtOHJEtoAc. Palladhun 
catalyst (10% on C, Img) was added and the mixture was purged three times to vacoum whh 
1 atmosphere hydrogen gas using a balloon. The reactfon was stirred for 2 hrs, when MS and 
TLC showed completion. The reaction was filtered through Celite with EtOH washmg and 
all solvent to was evaporated to afford final con^und 13 (5ii«, 100%). 'H NMR (CliaOD): 
5 7.79 (d, 2H) 7.16-724 (5H) 7.09 (d, 2H) 5.58 (d, IH) 4.92 (m, IH) 3.97 (m, IH). 3.92 
(dd.iH) 3.89 (s. 3H) 3.66-3.78 (8H) 3.40 (d.lH), 3.37 (dd. IH), 3.15 (m. IH) 3.12 (dd.lH) 
2.96 (d, IH), 2.87 (m, IH), 2.74 (m.lH) 2.53 (m, IH) 1.70 (m. 2H), 1.53 (m, IH) 1.32 (m. 
IH) 1.04 (d, 6H) MS (ESI): 723 (M+23). 

* 

Example 9 

Amino Alcohol 14 (2.67g, 25.9 imnol) was dissolved in THF with stirring and Boc 
Anhydride (6.78g, 31.1 mmol) was added. Heat and gas evohition ensued. TEA (3.97 mL, 
28.5 mmol) was added and the reaction was stirred overnight. In the morning, the reaction 
was quenched by the addition of saturated NaHCQs^ The organic layer was s^arated out and 
shaken with water, dried with brine and MgS04 to afford 15 which was used without further 
purification. (100% yield) (some contamination): 'H NMR (CDCb): 5 3.76 (t ,1H) 3.20, 
(d,2H), 2.97 (d, 2H), 1.44 (s, 9H), 0.85 (s, 6H). 

» 

Example 10 

■ 

A solution of the alcohol 15 (500 mg, 2.45 nmioQ ia dry THF was cooled under dry N2 with 
stining. To this was added n-butyl lithiam (1.29 mL, 2.71 mmol) as a solution in hexane in a 
manner sunilar to that described in Tetrahedron. 1995, 51 #35, 9737-9746. Triflate 35 (1.15 
g, 2.71 ramol) was added neat with a tared syringe. The reaction was stirred for four hours, 
then quenched with saturated NaHCCb. The mixture was then partitioned between water and 
EtOAc. The organic layer was dried with brine and MgS04, th^ chromatographed on silica 
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in 1:1 HexanerEtOAc to afford phosphonate 16 (445mg, 38%) *H NMR (CDaa): 5 7.37 (m, 
lOH), 5.09 (m, 4H), 3J30.75 (m, 2H), 3.24 (s,2H). 3.02 (d, 2H). 1.43 (s. 9H). 0.86 (s, 6H). 

Rxam ple 1 1 

5 Phosphonate 16 (249 mg, 0.522 mmol) was stiixcd in 20% TFA/DCM for 1 hr. The reaction 
was then azeotroped with toluene. The residue was re-dissolved in EtOAc, then shaken with 
water: saturated NaHCQs (1 : 1). The organic layer was dried with brine and MgS04 and 
solvent was removed to afford amine 17 (143 n^, 73%) NMR (CDCk): 5 7.30 (s, lOH), 
5.05-4.99 (m, 4H), 3.73 (d, 2H), 3.23 (s, 2H), 2.46 (brs, 2H), 0.80 (s, 6H) ^^P NMR (CDCI3): 
10 523J7(s). 

Example 12 

Amine 17 (143 mg, 0.379 mmol) and epoxide 7 (95 mg, 0.360 mmol) were dissolved in 3 mL 
IprOH and heated to 85®C for 1 hr. The reaction was cooled to room tenq>erature overnight 
15 then heated to SS^'C for 1 hr more in the morning. The reaction was then diluted with EtOAc, 
shaken with water, dried with brine MgSQ4 and concentrated. Ibe resklue was eluted on 
silica in a gradient from 5% to 10% MeOH in DCM to afford compound 18 (33 mg, 14%). 

Example 13 

20 Mix conqpound 18 (33 nig, 0.051 mmol) and chtorosulfonyl compound 9 (11 mg, 0.054 
mmol) in 2 mL DCM then add TEA (0.0075 mL, 0.054 mmol), stir for 5 hrs. TLC in 1:1 
EtOAc: hexane shows reaction not conqplete. Place in freezer overnight In the morning, 
take out of freezer, stir for 2 hrs, TLC shows cor^pletion. Workup done with 5% citric acid, 
saturated NaHCOs* then dry with brine and MgS04. Tte reaction mixture was concentrated 

25 and chromatographed on a Monster Pipette column in 1 : 1 hexane: EtOAc then 7:3 hexane: 
EtOAc to avail compound 19 (28 mg , 67%) 'H NMR (CDCI3): 6 7 J7 (d, 2H), 7.20 (m, 
15H), 6.90 (d, 2H), 5.07-4.93 (m, 4H), 4.16 (brs, IH), 3.80 (s. 3H), 3.75-3.37 (m, 4H), 3.36 
(d, IH). 3.20-2.93 (m. 6H), 180- 2.75 (dd, IH). 

30 Example 14 

Compound 19 (28 mg, 0.35 mmol) was stirred in 4 mL DCM with addition of 1 mL TFA. 
Stir for 45 minutes, at which time complete deprotection was noted by TLC as well as MS. 
Azeotrope with toluene. The residue was dissolved in 1 mL CH3CN, cooled to 0**C. Bis- 
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Furan^arc-Nitro phenol carbonate 11 (12 mg, 0.038 mmoD, dimethyl amino pyridine ( - 1 
mg, 0.008 mmol) and diisopropylethylamine (0.018 mL, 0.103 nunol) woe added. TTie 
mixtare was stirred and albwed to come to room teii$>a:atuie and stirred until TLC in 1:1 
hexane:EtOAc showed oonyletioa The reaction mixture was concentrated and the reskbie 
5 was partitioned betweaisatur^NaHCOs and EtOAc. The organiclayer was dried with 
teine and MgS04, then chromatographed on silica with hexaneiEtOAc to afford compound 
.20 (20 mg, 67%). 'NMR (CDCfe): 5 7.76 (d, 2H), 7.34-7.16 (m, 15 H), 7.07 (d. 2H), 5.56 (d, 
IH), 5.09 (m, 4H), 4.87 (m, IH), 4.01 (m, IH), 3.91 (m, 2H), 3.87 (s, 3H), 3.86 (m, IH), 3.69 
(m. IH), 3.67.(m, IH) 3.60 (d, 2H) 3.28 (m. IH) 3.25 (d. 2H), 3 J2 (d, IH), 3.13 (m. IH), 
10 3.02 (m, iH) 2.85 (d, IH), 2.83 (m, IH) 2.52 (m. IH) 1.47 (m. IH). 1.31 (m, IH) 0.98 (s, 
3H), 0.95 (s,3H). 

• ^ ■ 

i < 

• * * 

Examplft 1 S 

: Con^wund 20 (7 mg, 0.008 mmo^ was treated in a manner identical to exsmpk 8 to afford 
15 compound 21 (5 mg, 90%) 'h NMR (CDCh): 5 7.80 (d, 2H). 7.25-7.16 (m, 5H), 7.09 (d, 
2H), 5.58 (d, IH), 4.92 (m, IH), 3.99 (m, IH), 3.92 (m. IH), 3.88 (s, 3H). 3.86 (m, IH). 
3.77 (m, IH), 3.75 (m, IH), 3.73 (m, IH), 3.71 (m, IH) 3.71 (m, 110. 3.68 (m, IH), 3.57 
(d,lH), 3.41 (d, IH). 3.36 (m, IH), 3.29 (d, IH), 3.25 (d. 2H), 3.18 (m, IH), 3.12 (m, IH), 
3.01 (d, IH) 2.86 (mi IH), 2.53 (m, IH) 1.50 (m, IH), 1.33 (m. IH), 1.02 (s, 3H), a99 (s, 
20 3H). 

Example 16 

Compound 15 (1.86 g, 9.20 mmol) was treated wkh triflate 22 in a mannM- identical to 
example 10 to afford compound 23 (0.71 g, 21.8%) 'H NMR (CDCfe): 6 5.21 (brs, IH) 4.16- 
55 4.07 (m, 4H), 3.71-3.69 (d, 2HX 3.24 (s. 2H), 1.43 (s, 9H). 1.34-1.28 (m, 6H) 0.86 (s, 6H). 

Example 17 

Compound 23 (151 nag, 0.427 mmol) was dissolved in 10 mL DCM and 1.0 mL TFA was 
added. The reaction was stirred until completion. The reaction was azeotroped with toluene 
0 and the residue was then dissolved in THF and treated with basic Dowex resin beads. 

Aftowmds, the beads wwe filtoed away and solvent was removed to avail co^^)ound 24 • 
(100 mg. 92%) 'H NMR (CDQa): 5 4.15-4.05 (m, 4H), 3.72-3.69 (d. 2H), 3.27 (s, 2H), 1.30- 
1.26(m,6H)0.81(s,6H). 
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Example 18 

Compound 24 (100 mg, 0.395 mmoO was treated in a manner identical to exam>le 12 to avail 
coixipound 25 (123 mg, 60%). NMR (CDCfe): 8 7.26-7.13 (m, 5H), 4.48-4.83 (d, IH) 
4.17-4.06 (m, 4H), 3.75 (d, 2H) 3 J6 (hre, IH), 3.33 (s, 2H), 2.93-269 (m, 4H). 2.44-2.55 
(dd, 2H) 1.32 (m, 6H), 0.916 (s. 6H). 

t 

F.yamplfi 1Q 

Con^jound 25 (88 mg, 0.171 mmol) was treated in a maimer identical to exanq^k 13 to affoid 
compound 26 (65 mg, 55%) 'H NMR (CDCb): 5 7.26-7.13 (m. SO), 4.48-4.83 (d, IH) 4.17- 
4.06 (m, 4H)i 3.75 (d. 2H) 3.56 (brs. IHX 3.33 (s, 2H), 2.93-2.69 (m, 4H), 2.44-2.55 (dd, 2H) 
.lJ2(m,6H), 0.916 (s,6H). 

« 

Exaiiyle20 

Con^wund 26 (65 ing, 0.171 mmol) was treated in a manner identical to exanq)le 14 to afford 
con5)ound 27 (49 mg, 70%) 'HNMR: 

(CDCl3):5 7.75 (d, 2H), 7.25-7.24 (m,4 H), 7.18 (m, IH) 6.99 (d, 2H), 5.63 (d. IH), 5.01 (m, 
IH), 4.16 (m, 4H), 3.94 (m, IH), 3.88 (m, IH), 3.88 (s, 3H), 3.84 (m, IH), 3.81 (m, IH), 3.74 
(m, 2H), ), 3.70 (m, IH), 3.69 (m, IH) 3.43 (m, IH), 3.24 (m, IH), 3.22 (m, 2H) 3.21 (m, 
2H) 3.12 (m. IH), 3.02 (m, IH) 2.86 (m, IH), 2.72 (m, IH), 1 J4 (m, IH). 1.38 (m, IH) 1.35 • 
(m, 6H) LOO (s, 3H). 0.96 (s,3H). 

Example 21 

Boc protected amine 28 (103 mg, 0.153 mmol) was dissolved in DCM (5 mL). Hie stined 
solution was cooled to OT. BBra as a 1.0 M solution in DCM (0.92 mL, 0.92 mmol) was 
added dropwise over 10 min, and the reaction was allowed to continue stirring at OX for 20 
min. The reaction was warmed to room temperature and stining was continued 
The reaction was then cooled to 0°C and quenched by dropwise addition of MeOH (1 mL). 
The reaction mixture was evaporated and the residue suspended in methanol which was 
removed under reduced pressure. The procedure was repeated for EtOAc and finally toluene 

to afford free amme HBr salt 29 (107 mg, >100%) which was used without further 

» 

purification. 
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Amine HBr salt 29 (50 mg, 0.102 inmol) was suspended in 2 noL CMaCN with stirring then 
cooled to O^C DMAP (25 mg, 0.205 mmol) was added, foltowed by Carbonatell. The 
reaction was stirred at O'^C for 1.5 hrs then allowed to warm to room tenqimture. The 
reaction was stirred overnight. A few drops Acetic acid were added to the reaction mixture, 
which was concentrated and re-dfluted with ethyl acetate, shaken with 10% citric acid then 
saturated NaHCOs- The organic layer was dried with brine and MgS04 and eluted on silica to 
afford di-phenol 30 (16 mg, 28%) 'H NMR (CD3OD): 5 7.61, (d. 2H), 7.01 (d, 2H), 6.87 (d, 
2H), 6.62 (d, 2H), 5.55 (d, IH). 4.93 (m, IH), 3.92 (m, 2H), 3.79 (m, 5H), 335 (m, IH), 3.07 
(m, 2H), 2.88 (m, 3H), 2.41 (m, IH), 2.00 (m. IH), 1.54 (m. IH), 1.31 (dd, IH) 0.89-0.82 
(dd, 6H). 

Exanq)le23 

A solution of di-phenol 30 (100 mg, 0. 177 mmol) was made in OijCN that had been dried 
over K^zCOs. To this, the triflate (0.084 mL, 0.23 mmoD was added, followed by Cs^Ch 
(173 mg, 0.531 mmoO. The reaction was stirred for 1 hr. TLC (5% IpirOH/DCM) ^owed 2 

« 

spots with no starting matoials left. Solvent was evirated and the residue was partitioned 
between EtOAc and water. The organic layer was washed with saturated NaHCQj, then 
dried with brine and MgSQ*. Hie mixture was separated by column chromatography on 
silica with 3% IprOH in DCM. The upper spot 31 (90 mg, 46%) was confirmed to be the Ws 
alkylation product. The lower spot required farther purification on silica gel plates to afford a 
single nwno aUgrlation product 32 (37 mg, 26%). The other possible aUtylation product was 
not observed. NMR : 'H NMR (jCDCh):for 31: 6 7.57 (d, 2H), 7.37 (m, lOH) 7.03 (d, 
2H), 6.99 (d, 2H), 6.73 (d, 2H), 5.69 (d, IH), 5.15-5.09 (m, 4H), 5.10 (m. IH), 4.32 (d, 2H), 
4.02 (d, IH), 3.82 (m, IH) 3.81 (m, IH), 3.93-3.81 (m, 2H), 3.74 (d, IH), 3.06 (m, IH), 3.00 
(m, IH), 2.96 (m, IH), 2.91 (m, IH) 2.77 (m, IH) 2.64 (m, IH) Z47 (m, IH) 1.82 (m. 2H) 
1.79 (m, IH), 0.94-0.86 (dd, 6H) for 32: 8 7.68 (d, 2H), 7.33-7.35 (m, 20H), 7.1 1 (d. 2H), 
6.96 (d, 2H), 6.80 (d, 2H), 5.26 (d, IH), 5.11(m, 8H), 5.00 (m, IH) 4.23 (d, 2H), 4.19 (d, 
2H), 3.93 (m, IH), 3.82-3.83 (m, 3H), 3.68-3.69 (m, 2H) 3.12-Z75 (m, 7H), 1.82 (m. IH), 
1.62-1.52 (d. 2H), 0.89-0.86 (dd, 6H). 

Example 24 

1 

Refi J. Med. Chem. 1992, 35 10,1681-1701 
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To a solution of lAosphonatc 32 (100 mg, 0.119 mmol) in dry dioxane was added CS2CO3' 
(233 mg. 0J15 mmol), followed by 2-(dimethylamino) ethyl chloride hydrochloride salt (69 
mg, 0.48 mmol). The reaction was stirred at room temperature and monitored by TLC. 
When it was determined that starting material remained, additional CsaCOa (233 mg, 0.715 
mmol) as well as amine salt (69 mg» 0.48 mmol) were added and the reaction was stirred 
overnight at eO'^C. In the morning when TLC showed completion the reaction was cooled to 
room temperature, filtered, and concentrated. The product amme 33 (40 mg, 37%) was 
purified on silica. Deconposition was noted as tower spots were seen to emerge with time 
using 15% MeOH in DCM on silica. 

a 

. Example 25: . 

Amine 33 (19 n^, 0.021 mmoO was dissolved in 1.5 mL DCM. This solution was stiired in 
an icebatb. Metl»ne sulfonic acid (0.0015 ni, 0.023 nunol) was added and the reaction was 
stiired for 20 minutes. The reaction was warmed to room tenq)erature and stined for 1 tour. 
The product, amine mesylate salt 34 (20 mg, 95%) was prec^itated out by addition of 
hexane. 'H NMR (CPjOD): 5 7.69 (d. 2H). 7.35 (m. lOH). 7.15 (m, 4H) 6.85 (m, 2H), 5.49 
(d, IH), 5.10 (m, 4H), 4.83 (m, IH), 4.62 (d, 2H), 4.22 (m, 2H), 3.82 (m. IH), 3J6 (m, IH), 
3.48 (m, 2H), 3 J5 (m, IH). 2.99 (m, IH), 2.95 (m. IH), 2.84 (s. €0). 2.78 (m. IH), 2.75 (m, 
iH). 2.70 (m. IH), 2.40 (m, IH) 1.94 (m. IH). 1,43 (m, IH), 1.27 (m. IH). 0.77 (dd, 6H). 
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Exanyle 1 

To a solution of phenol 3 (336 mg, 0.68 mmol) in THF (10 mL) was added CS2CO3 (717 mg, 
2.2 namol) and triflate (636 mg, 1.5 namol) in THF (3 mL). After the reaction mixture was 
stirred for 30 min at room temperature, the mixture was partitioned between EtOAc and 
water. Hie organic phase was dried over Na2S04, filtered, and evaporated under reduced 
pressure. The crude product was chromatographed on sUica gel (ekting 40-50% 
EtOAc/hexane) to give dibenzylphospbonate 4 (420 mg, 80%) as a colorless oiL 

Exaomkl 



OH 

HoN 




zNnx^N. ^ /-OCH2PO{OBn)2 



ID 



To a solution of dibenzylphosphonate 4 (420 mg, 0.548 mmol) in CH2CI2 (10 mL) was added 
TFA (0.21 mL, 2,74 mmol). After the reaction mixture was stirred for 2 h at room 
ten^rature, additional TFA (0.84 mL, 11 mmol) was added and the mixtuie was stirred for 3 
h. The reaction mixture was evaporated under reduced pressure and the residue was 
partitioned between EtOAc and IM NaHCOj. The cMganic phase was dried over Na2S04, 
filtered, and evaporated under reduced pressure to give amine 5 (325 mg, 89%). 



4 

Example 3 



To a solution of carbonate (79 mg, 0.27 nmiol), amine 5 (178 ing, 0.27 ranool), and CH3CN 
(10 mL) was added DMAP (66 mg, 0.54 mmol) at O^C. AA&c the reaction mixture was 
warmed to room temperature and stirred for 16 hours, the mixture was concentrated under 
reduced pressure. The residue was chromatographed on silica gel (eluting 60-90% 
EtOAc/hexane) to give a mixture of carbamate 6 and starting carbonate. The mixture was 
further purified by HPLC on CIS reverse phase chromatography (eluting 60% CHsCN/water) 
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to give carbamate 6 (49 mg, 22%) as a colorless oi *H NMR (300 MHz, CDQs) 5 7.68 (d, 
2H), 7.22 (m, 15 H), 6.95 (d. 2H), 5.62 (d, IH), 5.15 (dt, 4H). 5.00 (m, 2H), 4.21 (d, 2H), 
3.88 (m, 4H), 3,67 (m, 3H), 3.15 (m, 2H), 2.98 (m, 3H), 2.80 (m. 2H). 1.82 (m, IH), 1.61 (m. 
IH), 0.93 (d, 3H), 0.88 (4 3H). 



Example 4 




To a solution of carbamate 6 (21 mg, 0.026 mmol) in EtOH / EtOAc (2 mL/1 mL) was added 
10% Pd/C (1 1 mg). After the reaction mixture was stirred under H2 atmosptere (baUoon) for 
2 hours, the mixture was filtered through Celite. The filtrate was evaporated under reduced 
pressure to give phosphonic acid 7 (17 mg, 100%) as a colorless solid. NMR (300 MHz, 
CD3OD) 5 7.73 (d, 2H), 7.19 (m, 5H), 7.13 (d, 2H)» 5.53 (d, IH), 4.26 (d, 2H), 3.86 (m, IH), 
3.64 (m. 5H), 3.38 (d, IH), 3.13 (d, IH), 3.03 (dd, IH), 2.86 (m, 3H), 2.48 (m, IH), 1.97 (m, 
IH), 1.47 (m, IH), 1.28 (m, 2H), 1.13 (t, IH), 0.88 (d, 3H), 0.83 (4 3H). 
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To a solution of phenol 8 (20 mg, 0.036 mmol) and tiiflate (22 mg, 0.073 mmol) in THF (2 
mL) ivas added CS2CO3 (29 ing, 0.090 mmol). After the reaction mixture was stined for 30 
tnin at room temperature, the mixture was partitioned between EtOAc and water. The 
organic phase was dried over Na2S049 filtered, and evaporated under reduced pressure. The 
crude product was purified by preparative thin layer chromatogr^hy (eluting 80% 
EtOAc/hexane) to give diethylphosphonate 9 (21 mg, 83%) as a colorless oil NMR (300 
MHz, CDCh) 5 7 J3 (d, 2H), 7.25 (m, 5H). 7.07 (d, 2H). 5.64 (d, IH), 5.01 (m, 2H). 4.25 (m. 
6H). 3.88 (m, 4H), 3.70 (m, 3H), 2.97 (m, 6H), 1.70 (m, 4H), 138 (t. 6H), 0.92 (d. 3H), 0.88 
(d, 3H). ^'P NMR (300 MHz, CDCfe) 5 18. L 
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P-OPh 
I 
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To a sokrtiDn of phosphonic acid 10 (520 mg, 2.57 mniol) in CH3CN (5 mL) was added 
thionyl chloride (0.75 mL, 10.3 mmol) and heated to 70°C in an oil bath. After the reaction 
mixture was stirred for 2 h at 70'^C, the mixture was concentrated and azeotroped with 
toluene. To a solution of the crude chloridate in toluene (5 mL) was added tetrazole (18 rog, 
0.26 mmol) at C'C To this mixture was added phenol (121 mg» L28 vaasol) and 
triethylamine (0.18 mL, 1.28 mmol) in toluene (3 mL) at 0°C After the reaction mixture was 
warmed to room tra?)CTature and stirred for 2 h, ethyl lactate (0^9 mL. 2.57 mmoD and 
triethylamine (0.36 mL, 2.57 mmol) in tohiene (2.5 mL) were added. The reaction mixture 
was stirred for 16 hours at room temperature, si which time the mixture was partitioned 
between EtOAc and sat. NH4CL The organic phase was washed with sat. NH4CI, IM 
NaHCOa, and hrine, then drkd over Na2S04, filtered, and evaporated under reduced pressure. 
The crude product was chromaiographed on silica gel (eluting 20-40% EtOAc/hexane) to 
give two diastereomers of phosphonate 11 (66 mg, 109 mg, 18% total) as colorless oils. 
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HO' 
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II 

P-OPh 




OEt 



To a solution of pho^honate 11 isomer A (66 mg, 0. 174 mmol) in EtOH (2 mL) was added 
10% Pd/C (13 mg). After the reaction mixture was stirred under H2 atmosphere (balloon) for 
6 h, the mixture was filtered through Celite. The filtrate was evaporated under reduced 
pressure to give alcohol 12 isomer A (49 mg, 98%) as a colorless ofl. 

Example 7B 

•* 

To a solution of phosphonate 11 isom^ B (110 mg, 0.291 mmol) in EtOH (3 mL) was added 
10% Pd/C (22 mg). After the reaction mixture was stirred under H2 atmosphere (balloon) for 
6 h, it was fOhered through Celite* The filtrate was evaporated under reduced pressure to give 
alcohol 12 isomer B (80 tog^ 95%) as a cotorless oil 

Example 8A 



To a solution of alcohol 12 isomer A (48 mg, 0.167 mmol) in CH2CI2 (2 mL) was added 2,6- 
lutidme (0.03 mL, 0.230 mmol) and trifluoromethanesulfonic anhydride (0.04 mL, 0.217 
mmol) at -40X (dry ice-CHsCN bath). After the reaction mixture was stirred for IS min at - 
40''Q the mixture was warmed to O^'C and partitioned between EtzO and IM H3PO4. The 
organic phase was washed with IM HaPOi (3 times), dried over Na2S04, filtered, and 
evaporated und^ reduced pressure to give triflate 13 isomer A (70 mg^ 100%) as a pale 

* * 

yeHow ofl. 



O 

TfO'^e-OPh 
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Exaiqp te 8B 

To a solution of alcohol 12 isomer B (80 mg, 0*278 mniol) in CH2C12 (3 iiiL) was added 2,6- 
lutidine (O.OS mL, 0.417 nunol) and trifluoicmethaDesulfonic anhydride (0.06'inU 0.361 
mmol) at -40°C (dry icc-OEfcCN bath). Alter tte reaction mixtuxc was stirred for 15 min at • 

the mixture was wanned to O^C and partitioned between EtzO and IM H3PO4. The 
organic phase was washed with IM H3PO4 (3 times), dried over Na2S04, filtered, and 
evaporated under reduced pressure to give triflate 13 isomer B (115 mg, 98%) as a pale 



mixture was partitioned between EtOAc and water. The organic phase was dried over 
N%S04, filtered, and evaporated und^ reduced pressure. The crude product was 
chronmtographed on silica gel (eluting 60-80% EtOAc/hexane) to give a mixture. The 
mixture was further purified by HPLC on CI 8 reverse phase chromatography (eluting 55% 
CHaCN/wat^) to give pbosphonate 14 isomer A (30 mg, 32%) as a colorless solid. NMR 
(300 MHz, CDCI3) 5 7,71 (d. 2H), 7.26 (m, 6H), 7.00 (m, 5H), 5.65 (d, IH), 5.14 (m, IH), 
5.00 (m. 2H), 4.54 (dd, IH), 4.44 (dd, IH), 4.17 (m, 2H). 3.96 (dd, IH), 3.86 (m, 5H), 3.72 



yellow oil. 
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(m, 3H), 3.14 (m, IH), 2.97 (m, 4H), 2.79 (m, 2H), 1.83 (m, IH), 1.62 (m, 3H), IJO (d, 3H), 
1.25 (m, 3H), 0,93 (d, 3H), 0.88 (d, 3H). ^^P NMR (300 MHz, CDCI3) 5 17A 

Example 9B 

To a solution of phenol (106 mg, 0.183 mmol): 



and triflate 13 isomer B (1 15 mg, 0.274 mmol) in THF (2 mL) was added CS2CO3 (119 mg, 
0.366 mmol). After the reaction mixture was stirred for 30 min at room temperature, the 
mixture was partitioned between EtO Ac and water. The organic phase was dried over 
Na2S04, filtered, and evaporated under reduced pressure. The crude product was 
chromatographed on silica gel (eluting 60-80% EtOAc/hexane) to give a mixture. The 
mixture was finther purified by HPLC on CI 8 reverse phase chromatography (eluting 55% 
CHaCN/water) to give phosphonate 14 isomer B (28 mg, 1 8%) as a colorless solid. NMR 
(300 MHz, CDCI3) 6 7.71 (d, 2H), 7.26 (m, 6H), 6.94 (m, 5H), 5.66 (d, IH), 5.1 7 (m, IH), 
4.99 (m, 2H), 4.55 (m, IH), 4.42 (m, IH), 4.16 (m, 2H), 3.97 (m, IH), 3.85 (m, 5H), 3.72 (m, 
3H), 3.13 (m, IH), 2.97 (m, 4H), 2.80 (m, 2H), 1.83 (m, IH), 1.60 (m, 6H), 1.22 (m, 3H), 
0.93 (d, 3H), 0.88 (d, 3H). ^^P NMR (300 MHz, CDCI3) 5 15.3. 

Resolution of Compound 14 Diastereomers 

Analysis was performed on an analytical Alltech Econosil column, conditions described 
below, with a total of about 0.5 mg 14 injected onto the column. This lot was a mixture of 
major and minor diastereomers vrfiere the lactate ester carbon is a mix of R and S 
configurations (fig. 1). Up to 2 mg could be resolved on the analytical column. Larger scale 
injections (up to 50 mg 14) were paformed on an AUtech Econosil semi-preparative column 
(fig. 2), ccMiditions descaibed below. 

The isolated diastereomer firactions were stripped to dryness on a rotary evaporator under 
house vacuum, followed by a final high vacuum strip on a vacuum pump. The chromato- 
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graphic solveats were displaced by two portions of dichloromethane before the final high 
vacuum strip to aid in removal of trace solvents, and to yield a ftiable foam. 

The bulk of the diastereomer resolution was performed with /^lleptane substituted for 
hexanes for safety considerations. 

Sample Dissolution: While a fairly polar solvent mixture is described below, the sample may 
be dissolved in mobile phase with a minimal quantiiy of e&yl alcohol added to dissolve the 
sample. 

Analytical Column. 0>45 mg Injection^ Hexanes - EPA f90:10) ffig. t) 
HPLC CONDITIONS 



Column 


: Alltech Econosil, 5 juun, 4.6 x 250 mm 


Mobile Phase 


: Hexanes - Isopropyl Alcohol (90: 1 0) 


Flow Rate 


: 1.5mL/min 


RunTime 


: 50 min 


Detection 


: lJVat242nm 


Temperature 


: Ambient 


lujection Size 


:100nL 


Sample Prq). 


: ~ 5 mg/mL» dissolved in hexanes - 



ethyl alcohol (75:25) 
Retention Times : 14'-22min 

: 14'~29min 

: Less Polar Impurity '-19 "ii'ti 



Semi-Freparativc Colnmn, SO mg Iniectiop, n-Heptane - IPA f84;16) (fig. 2) 
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Column 
Mobile Phase 
Flow Rate 
Runliine 
Detection 
Tempeiature 
Injection Size 
Dissolution 
Retention Times 



AUtech Econosil, 10 jim, 22 x 250 mm 
/^-Heptane - Isopropyl Alcohol (84: 1 6) 
IDmL/min 
65 min 

UVat257nm 
Ambient 
'-50 mg 

2 mL mobile phase phis 0.75 mL ethyl alcohol 
14 '-41 min 
14 - 54 min 

Less Polar Impurity - Not resolved 



Example Section F 



Example 1 

Phosphonic add 2: To a solution of compound 1 (A. Flohr et al, J. MeA Chem., 42, 12, 
1999; 2633-2640) (4.45 g, 17 mmol) in CHaCk (50 mL) at room temperature was added 
bromotrimethylsilane (1.16 mL, 98.6 mmol). The solution was stirred for 19 h. Thevolatiles 
were evaporated under reduced pressure to give the oily phosphonic acid 2 (3.44 g, 1 00%). 
NMR (CDCI3) 6 7.30 (m, 5H), 4.61 (s, 2 H), 3.69 (d, 2H). 

Example 2 

Compound 3: To a sohition of phosphonic acid 2 (0.67 g, 3.3 mmol) in CH3CN (5 mL) was 
added thionyl chloride (1 mL, 13.7 mmol) and the solution was heated at 70X for 2.5 k The 
volatiles were evaporated under reduced pressure and dried in vacuo to afford an oily 
phophonyl dichloride. The crude chloride intermediate was dissolved m CH2CI2 (20 mL) and 
cooled in an ice/water bath. Ethyl lactate (L5 mL, 13.2 mmol) and triethyl amine (1.8 mL, 
132 mmol) were added dropwise. The mixture was stirred for 4 h at room temperature and 
dilluted with more CH2a2 (100 mL). The organic solution was washed with O.IN HQ, 
saturated aqueous NaHCOs, and brine, dried (MgS04) filtered and evaporated under reduced 



SUBSTITUTE SHEET (RULE 26) 



wo 2004y09<»818 PCT/EP2003/012423 

413 

pressune. The caiide product was daomatographed on silica gel to afford oily compound 3 
(0.548 g,.41%). 'H NMR (CDCfe) 5 7.30 (m, 5H), 5.00-5.20 (m, 2H), 4.65 (m, 2H), 4.20 (m, 
4H), 3.90 (d, 2H), 1.52 (t, 6H), 1.20 (t, 6H). 

Ryatn pTR 

Alcohol 4: Asolutionof compounds (0.54 g, 1.34 mmol) in EtOH (15 mL) was treated with 
1 0% Pd/C (0.1 g) under H2 (1 00 psi) for 4 h. The mixture was filtered and the filtrate was 
treated with fresh 10% PD/C (0.1 g) under H2 (1 atmosphere) for 18 L The mixture was 
filtered and the filtrate was evaporated to afford alcohol 4 (0395 g, 94%) as an oil. *H NMR 

(CDCl3)64.90-5.17(m,2H),4.65(q,2H). 4.22 (m,4H), 4.01 (m,2H), 1.55 (t,6H), 1.21 (t, 
6H); "P NMR (CDCI3) 5 22.8. 

E3{aniple4 

Triflate 5: To a sohition of alcohol 4 (122.8 mg, 0.393 mmol) in CH2CI2 (5 mL) at -40"»C 
were added 2,6-lutidine (0.069 mL, 0.59 mmol) and trifluoromethansulfonic anhydride 
(0.086 mL, 0.51 mmol). Stirring was continued at 0°C for 2 L and the mixture partitioned in 
CH2CI2 and saturated NaHCOs. The organic layer was washed with O.IN HCl, saturated 
NaCL, dried (MgS04), filtered and evaporated under reduced pressure. The crude product 5 
(1 50 mg, 87%) was used for the next step widiout fiirther purification. 'H NMR (CDCI3) 6 
5.0-520 (m. 2H). 4.93 (d, 2H), 4.22 (m, 4H), 1 .59 (m. 6H), 1.29 (t, 6H). 

Rxamplft S 

Phosphonate 6: A solution of phenol 8 (see Scheme Section A, Schane 1 and 2) (32 mg, 
0.055 mmol) and triflate 5 (50 mg, 0.1 1 mmol) in THF (1.5 mL) at room temperature was 
treated with CS2CO3 (45.6 mg, 0.14 mmol). The mixture was stirred for 2.5 h and partitioned 
in EtOAc and saturated NaHCOj. lie organic layer was washed with O.IN HCl, saturated 
NaCl, dried (MgS04), filtered and evaporated under reduced pressure. The crude product 
was purified by chromatography on siKca gel (30-70% EtOAc/hexane) affording the 
phosphonate 6 (41 mg, 84%) as a soUd. 'H NMR (CDCI3) 5 7.71 (d, 2H), 7.13 (d, 2H). 7.00 
(d, 2H), 6.90 (d, 2H), 5.65 (d, IH), 4.90-5.22 (m, 3H), 4.40 (m, 2H), 4.20 (m. 4H), 3.90 (s, 
3H), 3.65-4.00 (m, 5H), 2.70-3.20 (m, 6H), 1.52-1.87 (m, 12H), 1.25 (m, 6H), 0.85-0.90 (m. 
6H); ^'P NMR (CDCI3) 5 20.0. 
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Example 6 

Compound 7: To a solution of irfiosphonic acid 2 (0.48 g, 2.37 mmol) in CH3CN (4 mL) was 
added thionyl chloride (0.65 mL, 9.48 mmol) and ibe solution was heated at 70°C for 2.5 h. 
The volatiles were evaporated under reduced pressure and dried in vacuo to afford an oily 
irfiophoiqrl dichloiide. The crude chloride intermediate was dissolved in CH2CI2 (5 mL) and 
cooled in an ice/water bath. Ethyl glycobte (0.9 mL, 9.5 mmol) and triethyl amine (13 mL, 9.5 
mmol) were added dropwise. The mixture was stirred for 2 h at room temperature and dilluted 
with more CH2CI2 (100 mL). The organic solution was washed with O.IN HCl, saturated 
aqueous NaHCOs, and saturated NaCl, dried (MgS04) filtered and concentrated under reduced 
pressure. The crude product was chromatographed on silica gel to afford oily compound 7 
(0223 g, 27%). 'H NMR (CDCI3) S 7.30 (m, 5H), 4.65 (m, 6H), 4.25 (q, 4H), 3.96 (d. 2H), 
1 27 (t, dH); ''P NMR (CDCI3) 6 24.0. 



Example 7 

Alcohol 8: A solution of compound 7 (0.22 g, 0.65 mmol) in EtOR (8 mL) was treated with 
10% Pd/C (0.04 g) under H2 (1 atmosphere) for 4 h. The mixture was filtered and the filtrate 
was evaporated to afford alcohol 8 (0. 156 g, 96%) as an oil. NMR (CDCI3) 8 4.66 (m, 
4H), 4.23 (q. 4H), 4.06 (d, 2H). 1.55 (t, 6H), 1 J26 (t, 6H); '»P NMR (CDCI3) 8 26.8. 

Example 8 

Triflate 9: To a solution of alcohol 8 (156 mg, 0.62 mmol) in CH2CI2 (5 mL) at -40*>C were 
added 2,6-lutidine (0.1 1 mL, 0.93 mmol) and trifluojomethansuifonic anhydride (0. 136 mL, 
0.8 mmol). Stirring was continued at O^C for 2 h. and the mixture partitiMied in CH2CI2 and 
saturated NaHCOs. The organic layer was washed with O.IN HCI, saturated NaCl, dried 
(MgS04), fihered and evaporated under reduced pressure. The crude product 9 (210 mg, 
88%) was used for the next step wifliDut further purification. 'H NMR (CDCI3) 8 4.90 (d, 
2H), 4.76 (d, 4H), 4.27 (q, 4H), 1.30 (t, 6H). 

Eyaiyiplft Q 

Phosphonate 10: A solution of phenol 8 (30 mg, 0.052 mmol) and triflate 9 (30 mg, 0.078 
mmol) in THF (1 .5 mL) at room temperature was treated with CS2CO3 (34 mg. 0. 1 mmol). 
The mixture was stirred for 2.5 h and partitioned in EtOAc and saturated NaHCOs. The 
organic layer was washed with O.IN HCl, saturated NaCl, dried {MgS04), filtered and 
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evaporated under reduced pressure. The aude product was purified by chromatography on 
silica gel (30-70% EtOAc/hexane) affordnig the unreacted phenol (xx) (12 mg, 40%) and the 
phosphonate 10 (16.6 mg, 38%) as a solid. 'HNMR (CDCI3) 5 7.71 (d, 2H), 7.13 (d, 2H), 
7.00 (d, 2H), 6.90 (d, 2H). 5.65 (d, IH). 5.00 (m, 2H). 4.75 (m, 4H), 4.48 (d. 2H). 423 (q. 
4H), 3.90 (s, 3H). 3.654.00 (m, 5H), 2.70-3.20 (m, 6H). 2.23 (b^.. 2H), 1.52-1.87 (m, 4H), 
125 (t, 6H), 0.85-0.90 (m, 6H); ^'P NMR (CDCI3) 6 22.0. 

Example 10 

Compound 1 1; To a solution of phosphonic acid 2 (0.512 g, 2.533 mmol) in CH3CN (5 mL) 
was added tiaonyl chlwide (0.74 mL, 10 mmol) and fee solution was heated at 70°C for 2.5 
h. The volatiles were ev^orated under reduced pressure and dried in vacuo to afford an oily 
phophonyl dichloride. The crude chloride intermediate was dissolved in toluene (8 mL) and 
cooled in an icei^vater bafii. A catalytic amount of tetrazol (16 mg, 0.21 mmol) was added 
foUowed by the addition of a solution of trietfaylamine (0.35 mL, 2.53 mmol) and phenol (238 
mg, 2.53 mmol) in toluene (5 mL). The mixture was stirred at room temperature for 3 h. A 
solution of ethyl glycolate (0.36 mL, 3.8 mmol) and triethyl amine (0.53 mL, 3.8 mmol) in 
tolnait (3 mL) was added dropwise. The mixture was stirred for 18 h at room temperature 
and partitioned in EtOAc and O.IN HCl. The organic solution was washed with saturated 
aqueous NaHCOs, and saturated NaCl, dried (MgS04) filtered and concentrated under 
reduced pressure. The crude product was chromatographed on siKca gel to afford diphaiyl 
phophonate as a byproduct (130 mg) and compound 11 (0.16g, 18%). NMR (CDCI3) 8 
7.15-7.40 (m, lOH). 4.58-4.83 (m. 4H), 4.22 (q. 2H), 4.04 (dd, 2H), 124 (t, 3H). 

Alcohol 1 2: A solution of compound 1 1 (0.16 g, 0.44 mmol) in EtOH (5 mL) was treated 
with 10% Pd/C (0.036 g) under H2 (1 atmosphere) for 22 h. The mixture was filtered and the 
filtrate was evjgwrated to afford alcohol 12 (0.1 12 g, 93%) as an oil. 'H NMR (CDCI3) 5 
7.15-7J6 (m, 5H), 4.81 (dd, IH), 4.55 (dd, IH), 4.22 (q, 2H), 4.12 (m, 2H), 3.78 (b.s., IH), 
1.26 (t, 6H); NMR (CDClj) 5 22.9 

Example 12 

Triflate 13: To a solution of alcohol 12 (112 mg, 0.41 mmol) in CH2CI2 (5 mL) at -40°C 
were added 2,6-Iutidine (0.072 mL, 0.62 mmol) and trifluoromethansulfonic anhydride (0.09 
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mL, 0.53 xnmol). Stirring was continued at 0°C for 3 h. and the mixture partitioned in 
CH2CI2 and saturated NaHCOs. The organic layer was washed with O.IN HCl, saturated 
NaCl, dried 0^gSO4), filtered and evaporated under reduced pressure. The crude product 
was purified by chromatography on silica gel (30% EtOAc/hexane) affording triflate 13 (106 
5 mg, 64%). 'HmiR (CDCI3) 8 7.36 (m, 2H), 7.25 (m, 3H), 4.80-5.10 (m, 3H), 4.60 (dd, IH), 
4.27 (q, 2H), 1.28 (t, 3H); ^^P NMR (CDCI3) 5 1 1.1 

E3cample 13 

Phosphonate 14: A solution of phenol 8 (32 mg, 0.052 mmol) and triflate 13 (32 mg, 0.079 
) mmol) in CH3CN (1.5 mL) at room temperature was treated with CS2CO3 (34 mg, 0.1 mmol). 

The mixture was stined for 1 h and partitioned in EtOAc and saturated NaHCOs. The 
organic layer was washed with saturated NaCl, dried (MgS04), filtered and evaporated under 
reduced pressure. The crude product was purified hy chromatography on silica gel (70% 
EtOAc/hexane) affording phosphonate 14 (18 mg, 40%). NMR (CDCI3) 8 7.71 (d, 2H), 
; 6.75-7.35 (m, 1 IH, 5.65 (d, IH), 5.00 (m, 2H), 4.50-4.88 (m, 3H), 4.20 (q, 2H), 3.84 (s, 3H), 
3.654.00 (m, 5H), 2.70-3.20 (m, 6H), 1.52-1.87 (m, 6H), 1.25 (t. 3H), 0.85-0.90 (m, 6H); ^^P 
NMR(CDCl3)8 17.9, 17.7. 

Example 14 

> Piperidine 16: A solution of compound 15 (3.1 g, 3.673 mmol) in MeOH (100 mL) was 
treated with 10% Pd/C (0.35 g) under H2 (1 atmosphere) for 18 k The mixture was filtered 
and the filiate was evaporated to afford phenol 1 6 (2 g, 88%). NMR (CD3OD) 8 7.76 (d, 
2H), 7.08 (d, 2H), 7.04 (d, 2H), 6.65 (d, 2H), 5.59 (d, IH), 4.95 (m, IH), 3.98 (s, 3H), 3.65- 
4.00 (m, 5H), 3.30-3.50 (m, 3H), 2.80-3.26 (m, 5H), 2.40-2.70 (m, 3H), 1.35-2.00 (m, 7H), 
1.16 (m, 2H); MS (ESI) 620 (M+H). 

Example 15 

Fonnamide 17: Piperidme 16 obtained above (193 mg, 0.3118 mmol) inDMF (4 mL) was 
treated with formic acid (0.035 mL, 0.936 mmol), triethylamine (0.173 mL, 1.25 mmol) and 
EDCI (179 mg, 0.936 mmol) at room temperature. The mixture was stirred for 18 h and 
partitianed in EtOAc and saturated NaHCOj. The organic layer was washed with saturated 
NaCl, dried (MgS04), filtered and evaporated under reduced pressure. The crude product 
was purified by chromatography on siUca gel (EtOAC/hexane) affording fonnamide 17 (162 
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mg, 80%). NMR (CDCI3) 5 7.96 (s, IH), 7.68 (d, 2H), 7.04 (d, 2H), 6.97 (d, 2H), 6.76 (d, 
2H), 5.63 (d, IH), 5.37 (bs, IH), 5.04 (m, IH), 4.36 (m, IH), 3.93 (s, 3H), 3.52-3.95 (m, 7H), 
2.70-320 (m, 8H), L48-2.00 (m, 7H), 1.02 (m, 2H). 

Example 16 

Diben2yl phosphonate 18: A solution of phenol 17.(123 mg, 0.19 mmol) and dibenzyl. 
trifluoromethansulfonyloxymeflianphosphonate YY (120 mg, 0.28 mmol) in CH3CN (1.5 
mL) at room temperature was treated CS2CO3 (124 mg, 0.38 mmol). The mixture was stmed 
for 3 h and partitioned in CH2CI2 and saturated NaHCOa. The organic layer was washed with 
O.IN HCl, saturated NaCl, dried (MgS04), filtered and evaporated under reduced pressure. 
The crude product was purified by chromatography on silica gel (10% MeOH/CHaCli) 
affording phosphonate 1 8 (154 mg, 88%). NMR (CDCI3) S 7.96 (s, IH), 7.68 (d, 2H), 
7.35 (m, lOH), 7.10 (d, 2H), 6.97 (d, 2H), 6.80 (d, 2H), 5.63 (d, IH), 4.96-5.24 (m, 6H), 4.37 
(m, IH), 4.20 (d, 2H), 3.84 (s, 3H), 3.52-3.95 (m, 7H), 2.55-3.20 (m, 8H), 1,48-2.00 (m, 7H), 
1.02 (m, 2H). NMR (CDCI3) 5 20.3. 

Example 17 

Phosphonic acid 19: A solution of pho^honate 1 8 (24 mg, 0.026 mmol) in MeOH (3 mL) 
was treated witii 10% Pd/C (5 mg) under H2 (1 atmosphere) for 4 h. The mixture was filtered 
and the filtrate was evaporated to afford phosphonic acid 19 as a solid (18 mg, 93%). *H 
NMR (CD3OD) 6 8.00 (s, IH), 7.67 (d, 2H), 7.18 (d, 2H), 7.09 (d, 2H), 6.90 (d, 2H), 5.60 (d, 
IH), 4.30 (m, IH), 4.16 (d, 2H), 3.88 (s, 3H), 3.60-4.00 (m, 7H), 3.04-3.58 (m, 5H), 2.44- 
2.92 (m, 5H), 1.28-2.15 (m, 5H), 1.08 (m, 2H). ^^PNMR (CDCI3) 5 16.3. 

Example 18 

Diethyl phosphonate 20: A solution of phenol 1 7 (66 mg, 0. 1 mmol) and diethyl 
trifluoromethansulfonyloxymethanphosphonate XY (46 mg, O.lSmmol) m CH3CN (1.5 mL) at 
room temperature was treated CS2CO3 (66 mg, 0.2 mmol). The mixture was stirred for 3 h and 
partitioned in CH2CI2 and saturated NaHC03. The organic layer was washed with 0. IN HCl, 
saturated NaCl, dried (MgS04), filtered and evaporated under reduced pressure. The crude 
product was purified by chromatography on silica gel (1 0% MeOH/CH2Cl2) affording the 
unreacted 17 (17 mg, 26%) and diethyl phosphonate 20 (24.5 mg, 41%). ^H NMR (CDCI3) 5 
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8.00 (s, IH), 7.70 (d, 2H), 7.16 (d, 2H), 7.00(d, 2H), 6.88 (d, 2H), 5.66 (d, IH), 4.98^5.10 (m, 
2H), 4.39 (m, IH), 4.24 (m, 5H), 3.89 (s, 3H), 3.602-3.98 (m, 7H), 2.55-3.16 (m, 8H), 1.50- 
2.00 (m, 7H), 1.36 (t, 6H), 1.08 (m, 2H). ^^P NMR (CDCI3) 8 19.2 

Example 19 

N-methyl pepiridine diethyl phosphonate 21: A solution of compoimd 20 (22.2 mg, 0.0278 
mmol) in THF (1.5 mL) at 0°C was treated with a solution of borane in IHF (IM, 0.083 mL). 
The mixture was stirred for 2 h at room temperature and the starting material was consumed 
completely as monitored by TLC. The reaction mixture was cooled in an ice/water bath and 
excess methanol (1 mL) was added to quench the reaction. The solution was concentrated in 
vacuo and the crude product was chromatographed on silica gel with MeOHZEtOAc to afford 
compound21 (7m&32%). 'H>ns^(CDCl3) 8 7.70 (d,2H), 7.16 (d,2H),7.00(d,2H), 6.88 
(d, 2H), 5.66 (d, IH), 4.98-5.10 (m, 2H), 4.24 (m, 4H), 3.89 (s, 3H), 3.602-3.98 (m, 7H), 
2.62-3.15 (m, 9H), 2.26 (s, 3H), 1.52-2.15 (m, lOH), 1.36 (t, 6H). ^^P NMR (CDCI3) 5 193 

Example Section G 
Example 1 

Compound 1: To a solution of 4-nitroben2yl bromide (21.6 g, 100 mmol) in toluene (100 
mL) was added triethyl phosphite (17.15 mL, 100 mL). The mixture was heated at 120°C for 
14 hrs. The evaporation under reduced pressure gave a brown oil, which was purified by 
flash column chromatography (hexane/EtOAc= 2/1 to 100 % EtOAc) to afford compound 1 . 

Example 2 

Compound 2: To a solution of compound 1 (1.0 g) in ethanol (60 mL) was added 10% Pd-C 
(300 mg). The mixture was hydrogenated for 14 hrs. Celite was added and the mixture was 
stirred for 5 mins. The mixture was filtered through a pad of celite, and washed with ethanol. 
Concentration gave compound 2. 

Example 3 

Compound 3: To a solution of compound 3 (292 mg, 1.2 mmol) and aldehyde (1 1 1 mg, 0.2 
mmol) in methanol (3 mL) was added acetic acid (48 ^iL, 0.8 mmol). The mixture was 
stirred for 5 mins, and sodium cyanoborohydride (25 mg, 0.4 mmol) was added. The mixture 
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was stirred for 14 hrs, and methanol was removed under reduced pressure. Water was added, 
and was extracted with EtOAc. The organic phase was washed 0.5 N NaOH solution (1 x), 
water (2x), and kine ( Ix), and was dried over MgS04. Purification by flash column 
chromatography (CH2Cl2/N4eOH = 100/3) gave compound 3. 

Example 4 

Compound 4: To a solution of compound 3 (79 mg , 0.1 mmol) in CH2CI2 (5 mL) was added 
trifluoroacetic acid (1 mL)* The mixture was stined for 2 hrs, and solvents were evaporated 
under reduced pressure. Coevaporation with EtOAc and CH2CI2 gave an oil. The oil was 
dissolved in THF (ImL) and tetrabutylamonium fluoride (0.9 mL, 0.9 mmol) was added. Hie 
mixture was stirred for 1 hr, and solvent was removed. Purification by flash colunm 
chromotogaphy (CH2Cl2/MeOH = 100/7) gave compound 4. 

Example 5 

Compound 5: To a solution of compound 4 (0.1 mmol) in acetonitrile (1 xnL) at 0°C was 
added DMAP (22 mg, 0.18 mmol), foUowed by bisfinancarbonate (27 mg, 0.09 mmol). The 
mixture was stirred for 3 hrs at OX, and diluted with EtOAc. The organic phase was washed 
with 0.5 N NaOH solution (2x), water (2x), and brine (Ix), and dried over MgS04. 
Purification by flash column chromotogr^hy (CH2Cl2/MeOH - 100/3 to 100/5) afford 
compound 5 (50 mg): NMR (CDCI3) 5 7.70 (2 H, d, J = 8.9 Hz), 7. 11 (2 H, d, J = 8.5 Hz), 
6.98 (2 H, d, J = 8.9 Hz), 6.61 (2 H, d, J = 8.5 Hz), 5.71 (1 H, d, J = 5.2 Hz), 5,45 (1 H, m), 
5.13 (1 H, m), 4.0 (6 H, m), 3.98-3.70 (4 H, m), 3.86 (3 H, s), 3.38 (2 H, m), 3.22 (1 H, m), 
3.02 (5 H, m), 2.8 (1 H, m), 2.0-1.8 (3 H, m), 1.26 (6 H, t, J = 7.0 Hz), 0.95 (3 H, d, J = 6.7 
Hz), 0.89 (3 H,d, J = 6.7 Hz). 



Example 6 

Compound 6: To a solution of compound 5 (30 mg, 0.04 mmol) in MeOH (0.8 mL) was 
added 37% fomaldehyde (30 ^L, 0.4 mmol), followed by acetic acid (23 pL, 0.4 mmol). The 
mixture was stirred for 5 mins, and sodium cyanoborohydride (25 mg, 0.4 mmol) was added. 
The reaction mixture was stirred for 14 hrs, and diluted with EtOAc. The organic phase was 
washed 0.5 N NaOH solution (2x), water (2x), and brine, and dried over MgSO*. Purification 
by flash column chromatography (CH2Cl2/MeOH = 100/3) gave compound 6 (1 1 mg): ^H 
NMR (CDCI3) 5 7.60 (2 H, d, J = 8.9 Hz), 7.17 (2 H, m), 6.95 (2 H, d, J = 8.9 Hz), 6.77 (2 H, 
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d, J = 8.5 Hz), 5.68 (1 H, d, J = 52 Hz), 521 (1 H, m), 5.09 (1 H, m), 4.01 (6 H, m), 3.87 (3 
H, s), 3.8-3.3 (4 H, m), 3.1-2.6 (7 H, m), 2.90 (3 H, s), 1.8 (3 H, m), L25 (6 H, m), 0.91 (6 H, 
m). 

Example 7 

Compound 7: To a solution of compound 1 (24.6 g, 89,8 mmol) in acetonitiile (500 mL) was 
added TMSBr (36 mL, 269 mmol). The reaction mixture was stirred for 14 hrs, and 
evaporated under reduced pressure. The mixture was coevaporated with MeOH (2x), toluene 
(2x), EtOAc (2x). and CH2CI2 to give a yellow solid (20 g). To the suspension of above 
yellow solid (1 5.8 g, 72.5 mmol) in toluene (140 mL) was added DMF (1 .9 mL), followed by 
thionyl chloride (53 mL, 725 mmol). The reaction mixture was heated at 60T for 5 his, and 
evaporated under reduced pressure. The mixture was coevaporated with tolurae (2x), 
EtOAc, and CH2CI2 (2x) to afford a brown solid. To the solution of flie brown soKd in 
CH2CI2 at OT was added benzyl alcohol (29 mL, 290 mmol), followed by slow addition of 
pyridine (35 mL, 435 mmol). The reaction mixture was allowed to warm to 25^C and stirred 
for 14 hrs. Solvents were removed underieduoed pressure. The mixture was diluted with 
EtOAc, and washed wifli water (3x) and hrine (Ix), and dried over MgS04, Concentration 





m 


1 


Ft 



to 1/1) to afford compound 7. 
Example 8 

Compound 8: To a solution of compound 7 (15.3 g) in acetic acid (190 mL) was added Zinc 
dust (20 g). The mixture was stirred for 14 hrs, and celite was added. The suspension was 
filtered through a pad of celite, and washed with EtOAc. The solution was concentrated 
under reduced pressure to dryness. The mixture was diluted with EtOAc, and was washed 
with 2N NaOH (2x), water (2x), and brine (Ix), and dried over MgS04. Concentration under 
reduced pressure gave compound 8 as an oil (15 g). 

Example 9 

Compound 9: To a solution of compound 8 (13.5 g, 36.8 mmol) and aldehyde (3.9 g, 7.0 
mmol) in methanol (105 mL) was added acetic acid (1.68 mL, 28 mmol). The mixture was 
stirred for 5 mins, and sodhim cyanoborohydride (882 mg, 14 mmol) was added. The 
mixture was stirred for 14 hrs, and methanol was removed under reduced pressure. Watw 
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was added, and was extracted with EtOAc. The organic phase was washed 0.5 N NaOH 
solution (Ix), water (2xX and brine (Ix), and was dried over MgS04. Purification by flash 
column chromatography (CH2Cl2/MeOH = 100/3) gave compound 9 (6»0 g). 

Example 10 

Compound 10: To a solution of compound 9 (62 g , 6,8 mmol) in CH2CI2 (100 mL) was 
added trifluoroacetic acid (20 mL). The mixture was stirred for 2 hrs, and solvents were 
evaporated under reduced pressure. Coevaporation with BtOAc and CH2CI2 gave an oU. The 
oil was dissolved in THF (ImL) and tetrabutylamcxiium fluoride (0.9 ml^ 0.9 mmol) was 
added. The mixture was stirred far 1 hr, and solvent was removed. Purification by flash 
column chromotogaphy (CH2Cl2/MeOH = 100/7) gave compound 10, 

Example 11 

Compound 11: To a solution of compound 10 (5.6 mmol) in acetonitrile (60 mL) at 0°C was 
added DMAP (1.36g, 11.1 mmol), followed by bisfurancarbonate (1.65 g, 5.6 mmol). The 
mixture was sthred for 3 hrs at O^C, and diluted with EtOAc. The organic phase was washed 
with 0.5 N NaOH solution (2x), water (2x), and brine (Ix), and dried over MgS04. 
Purification by flash colunm chromotography (CH2Cl2/MeOH = 100/3 to 100/5) afford 
compound 1 1 (3.6 g): NMR (CDCI3) 8 7.70 (2 H, d, J = 8 9 Hz), 7.30 (10 H, m), 7.07 (2 
H, m), 6.97 (2 H, d, J = 8.9 Hz), 6.58 (2 H, d, J « 8.2 Hz), 5.70 (1 H, d, J = 5.2 Hz), 5.42 (1 
H, m), 5.12 (1 H, m), 4.91 (4 H, m), 4.0-3.7 (6 H, m), 3.85 (3 H, s), 3.4 (2 H, m), 325 (1 H, 
m), 3.06 (2 H, d, J - 21 Hz), 3.0 (3 H, m), 2.8 (1 H, m), 1 .95 (1 H, m), 1.82 (2 H, m), 0.91 (6 
H, m). 

Example 12 

Compound 12: To a solution of compound 1 1 (3.6 g) in ethanol (175 mL) was added 1 0% 
Pd-C(1.5g). The reaction mixture was hydrogenated for 14 hrs. The mixture was stirred 
with celite for 5 mins, and filtered through a pad of celite. Concentration under reduced 
pressure gave compound 12 as a white solid (2.8 g): ^H NMR (DMSO-de) 8 7.68 (2 H, m), 
7.08 (2 H, m), 6.93 (2 H, m), 6.48 (2 H, m), 5.95 (1 H, m), 5.0 (2 H, m), 3.9-3.6 (6 H, m), 
3.82 (3 H, s), 3.25 (3 H, m), 3.05 (4 H, m), 2.72 (2 H, d, J = 20.1 Hz), 2.0-1.6 (3 H, m), 0.81 
(6H,m). 
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EKamole 13 

Campound 13: Compound 12 (2.6 g, 3.9 mmol) and L-alanine ethyl ester hydiochloride 
(3. 575 g, 23 mmol) were coevaporated with pyridine (2x). The mixture was dissolved in 
pyridine (20 mL) and diisopropylethylamine (4.1 mL, 23 mmol) was added. To above 
mixture was added a solution of Aldrithiol (3.46 g, 15.6 mmol) and triphenylphosphine (4.08 
g, 1 5.6 g) in pyridine (20 mL). The reaction mixture was stirred for 20 hrs, and solvents were 
evaporated under reduced pressure. The mixture was diluted with ethyl acetate, and was 
washed with 0.5 N NaOH solution (2x), water (2x), and brine» and dried over MgS04. 
Concentration under reduced pressure gave a yellow oil, which was purified by flash column 
chromatography (CHiCfeyMeOH = 100/5 tolOO/10) to aJBford compound 13 (750 mg): 
NMR (CDCI3) 5 7.71 (2 H, d, J = 8.8 Hz), 7.13 (2 H, m), 6.98 (2 H, d, J = 8.8 HzX 6.61 (2 H, 
d, J = 8.0 Hz), 5.71 (1 H, d, J = 52 Hz), 5.54 (1 H, m), 5.16 (1 H, m), 4.15 (6 H, m), 4.1-3.6 
(6 H, m), 3.86 (3 H, s), 3.4-3.2 (3 H, m), 3.1-2.8 (8 H, m), 2.0 (1 H, m), 1.82 (2 H, mX 13 (12 
H, m), 0.92 (6 H, m). 

Example 14 

Compound 14: To a solution of 4-hydroxypiperidine (19.5 g, 193 mmol) in THF at O^'C was 
added sodium hydroxide solution (1 60 mL, 8.10 g, 203 mmol), followed by di-tert-butyl 
dicarbonate (42. 1 g, 193 romol). The mixture was warmed to 25X, and stirred for 12 hours. 
THF was removed under reduced pressure, and the aqueous phase was extracted with EtOAc 
(2x). The combined organic layer was washed with water (2x) and brine, and dried over 
MgS04. Concentration gave a compound 14 as a white solid (35 g). 

Exanmle IS 

Compound 15: To a solution of alcohol 14 (5.25 g, 25 mmol) in THF (100 mL) was added 
sodium hydride (1 .2 g, 30 mmol, 60%). The suspension was stirred for 30 mins, and 
chlorometlqrl methyl sulfide (2.3 mL, 27.5 mmol) was added. Starting material alcohol 14 
still existed after 12 hrs. Dimethy sulfoxide (SO mL) and additional chloromethyl methyl 
sulfide (2.3 mL, 27.5 mmol) were added. The mixture was stirred for additional 3 hrs, and 
THF was removed under reduced pressure. The reaction was quenched v^th wat^, and 
extracted with ethyl acetate. The organic phase was washed with water and brine, and was 
dried over MgS04. Purification by flash column chromatography (hexanes/BtOAc = 8/1) 
gave compound 15 (1.24 g). 
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Example 16 

Compound 16: To a solution of compound 15 (693 mg, 2.7 mmol) in CH2CI2 (50 mL) at - 
78*^0 was added a solution of sulfuryl chloride (214 pL, 2.7 mmol) in CH2CI2 (5 mL). The 
reaction mixture was kept at --78°C for 3 hxs, and solvents were removed to give a white 
solid. The white solid was dissolved in toluene (7 mL), and triethyl phosphite (4.5 mL, 26.6 
mmol) was added. The reaction mixture was heated at 120°C for 12 hrs. Solvent and excess 
reagent was removed under reduced pressure to give compound 16. 

Example 17 

Compound 1 7 : To a solution of compound 1 7 (600 mg) in CH2CI2 (10 mL) was added 
trifluoroacetic acid (2 mL). The mixture was stirred for 2 hrs, and was concentrated under 
reduced pressure to give an oil The oil was diluted with methylene chloride and base resin 
was added. The suspension was filtered and the organic phase was concentrated to give 
compound 17. 

Example 18 

Compound 18: To a soluticm of compound 17 (350 mg, 1.4 mmol) and aldehyde (100 mg, 
02 mmol) m methanol (4 mL) was added acetic acid (156 fJL, 2.6 mmol). The mixture was 
stirred for 5 mins, and sodium cyanoborohydride (164 mg, 2.6 mmol) was added. The 
mixture was stirred for 14 hrs, and methanol was removed under reduced pressure. Water 
was added, and was extracted with EtOAc. The organic phase was washed 0.5 N NaOH 
solution (Ix), water (2x), and brine (Ix), and was dried over MgS04. Purification by flash 
colmnn chromatography (CH2Cl2/MeOH = 100/3) gave compound 18 (62 mg). 

Example 19 

Compound 19: To a solution of compound 1 8 (62 mg, 0.08 mmol) m THF (3 mL) were 
added acetic acid (9 ^iL, 0.15 nunol) and tetrabutylamonium fluoride (0.45 mL, 1 .0 N, 
0.45mmol). The mixture was stirred for 3 hr, and solvent was removed. Purification by flash 
column chromotogaphy (CH2Cl3/MeOH = 100/5) gave an oil. To a solution of above oil in 
CH2CI2 (2 mL) was added trifluoroacetic acid (2 mL). The mixture was stirred for 1 hrs, and 
was concentrated under reduced pressure. Coevaporation with EtOAc and CH2CI2 gave 
compound 19. 
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Example 20 

Compound 20: To a solution of compound 19 (55 mg 0.08 mmol) in acetonilrile (1 mL) at 
0°C was added DMAP (20 mg, 0.16 mmol), followed by bisfiirancarbonate (24 mg, 0.08 
mmol). The niixture was stirred for 3 hrs at OT, and dili^ The organic phase 

was washed with 0.5 N NaOH solution (2x), water (2xX and brine (Ix), and dried over 
MgS04. Purification by flash column chromotography (CH2Cl2/MeOH = 100/3 to 100/5) 
afford compound 20 (46 mg): NMR (CDCI3) 5 7.70 (2 H, d, J = 8.9 Hz), 7.01 (2 H, d, J = 
8.9 Hz), 5.73 (1 H, d, J = 5.1 Hz), 5.51 (1 H, m), 5.14 (1 H, m), 4.16 (1 H, m), 4.06 (I H, m), 
3.94 (3 H, m), 3.86 (3 H, s), 3.80 (1 H, m), 3.75 (2 H, d, J = 9.1 Hz), 3.58 (1 H, m), 3.47 (1 H, 
m), 3.30 (1 H, m), 3.1-2.6 (8 H, m% 23 (2 H, m), 2.1-1.8 (5 H, m), 1.40 (2 H, m), 136 (6 H, 
t, J = 7.0 Hz), 0.93 (3 a d, J = 6.7 Hz), 0.86 (3 h, d, J = 6.7 Hz). 

Example 21 

Compound 21 : Compound 21 was made from Boc-4-Nitro-L-Phenylalanine (Fluka) 
following the procedure for Compound 2 in Scheme Section A, Scheme 1 . 

Example 22 

Compound 22: To a solution of chioroketone 21 (2.76 g, 8 mmol) in THF (50 mL) and water 
(6 mL) at 0°C (internal temperature) was added solid NaBH4 (766 mg, 20 mmol) in several 
portions over a period of 15 min while maintaining the internal temperature below 5°C. The 
mixture was stirred for 1.5 hrs at 0°C and solvent was removed under reduced pressure. The 
mixture was quenched with saturated KHSO3 and extracted with EtOAc. The organic phase 
was washed with waster and brine, and dried overMgS04. Concentration gave a solid, which 
was recrystalized from EtOAc/hexane (I/l) to afford the chloroalcohol 22 (1.72 g). 

Example 23 

Compound 23: To a suspension of chloroalcohol 22 (1.8 g, 5.2 mmol) in EtOH (50 mL) was 
added a solution of KOH in ethanol (8.8 mL, 0.71 N, 6.2 mmol). The mixture was stirred for 
2 h at room temp^ture and ethanol was removed under reduced pressure. The reaction 
mixture was diluted with EtOAc, and washed with water (2x), saturated NH4CI (2x), water, 
and brine, and dried over MgS04. Concentration under reduced pressure afforded epoxide 23 
(1.57g) as a white crystalline solid. 
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Example 24 

Compound 24: To a solution of epoxide 23 (20 g, 65 mmol) in 2-propanol (250 mL) was 
added isobutylamine (65 mL) and the solution was refluxed for 90 min. The reaction mixture 
was concentrated under reduced pressure and was coevaporated with MeOH, CH3CN, and 
CH2CI2 to give a white solid. To a solution of the white solid in CH2CI2 (300 mL) at 0°C was 
added triethylamine (19 mL, 136 mmol), followed by the addition of 4- 
methoxybenzenesulfonyl chloride (14.1 g, 65 mmol) in CH2CI2 (50 mL). The reaction 
mixture was stirred at 0°C for 30 min, and wanned to room temperature and stirred for 
additional 2 hrs. The reaction solution was concentrated under reduced pressure and was 
diluted with EtOAc. The organic phase was washed with saturated NaHCOa, water and 
brine, and dried over MgS04» Concentration undo: reduced pressure gave compound 24 as a 
white soUd (37.5 g). 

Example 25 

Compound 25: To a solution of compound 24 (37.5 g, 68 mmol) in CH2CI2 (100 mL) at 0°C 
was added a solution of trihromoborane in CH2CI2 (340 mL, 1 ,0 N, 340 mmol). The reaction 
mixture was kept at OX for 1 hr, and wanned to room temperature and stirred for additional 
3 hrs. The mixture was cooled to O^^C, and methanol (200 mL) was added slowly. The 
mixture was stirred for 1 hr and solvents were removed under reduced pressure to give a 
hrown oil. The brown oil was coevaporated with EtOAc and toluene to afford compound 25 
as a brown solid, which was dried under vacuum for 48 hrs. 



Example 26 

Compound 26: To a solution of compound 25 in THF (80 mL) was added a saturated sodium 
bicarbonate solution (25 mL), followed by a solution of Boc20 (982 mg, 4.5 nunol) in THF 
(20 mL). The reaction mixture was stirred for 5 hrs. THF was removed under reduced 
pressure, and aqueous phase was extracted with EtOAc, The organic phase was washed with 
water (2x) and Brine (Ix), and dried over MgS04. Purification by flash column 
chromatography (hexanes/EtOAc = 1/1) gave compound 26 (467 mg). 



Example 27 

Compound 27: To a solution of compound 26 (300 mg, 0.56 mmol) in THF (6 mL) was 
added CS2CO3 (546 mg, 1.68 mmol), followed by a solution of triflate (420 mg, 1.39 mmol) 
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mTHF(2i&L). The reaction mixture was stirred for LS hrs. The mixture \vas diluted with 
EtOAc, and washed with water (3x) and brine (Ix), and dried over MgS04. Purification by 
flash column chromatography (hexanes/EtOAc - 1/1 to 1/3) gave compound 27 (300 mg). 

i Example 28 

Compound 28: To a solution of compound 27 (300 mg, 0.38 mmol) in CH2CI2 (2 mL) was 
added trifluoroacetic acid (2 mL). The mixture was stirred for 2,5 hrs» and was concentrated 
under reduced pressure. The mixture was diluted with EtOAc and was washed with 0.5 N 
NaOH solution (3x), water (2x), and brine (Ix), and dried ov^r MgS04. Concentration gave a 

) white solid. To the solution of above white solid in acetonitrile (3 mL) at O^'C was added 
DMAP (93 mg, 0.76 mmol), followed by bisfurancarbonate (1 12 mg, 0.38 mmol). The 
mixture was stirred for 3 hrs at O^C, and diluted with EtOAc. The organic phase was washed 
with 0.5 N NaOH solution (2x), water (2xX and brine (Ix), and dried over MgS04. 
Purification by flash column chromotography (CH2CI2/M6OH = 100/3 to 100/5) a£ford 

I compound 28 (230 mg): NMR (CDCI3) 5 8.16 (2 H, d, J = 8.5 Hz), 7.73 (2 H, d, J = 9.2 
Hz), 7.42 (2 H, d, J = 8.5 Hz), 7.10 (2 H, d, J = 9.2 Hz), 5.65 (1 H,d, J = 4.8 Hz), 5.0 (2 H, 
mX 4.34 (2 H, d, J = 10 Hz), 4.25 (4 H, m), 4.0-3.6 (6 H, m), 3.2-2.8 (7 H, m), 1.82 (1 H, m), 

1 .6 (2 H, m), 1 .39 (6 H, t, J = 7.0 Hz), 0,95 (6 H, m). 

) Example 29 

Compound 29: To a solution of compound 28 (50 mg) in ethanol (5 mL) was added 1 0% Pd- 
C (20 mg). The mixture was hydrogenated for 5 hrs. Celite was added, and the mixture was 
stirred for 5 mins. The reaction mixture was filtered through a pad of celite. Concentration 
under reduced pressure gave compound 29 (50 mg): ^H NMR (CDCI3) 5 7.72 (2 H, d, J = 8.8 
i Hz), 7.07 (2 H, 2 H, d, J = 8.8 Hz), 7.00 (2 H, d, J = 8.5 Hz), 6.61 (2 H, d, J = 8.5 Hz), 5.67 (1 
H, d, J = 52 Hz), 5.05 (1 H, m), 4.90 (1 H, m), 4.34 (2 H, d, J = 10.3 Hz), 4.26 (2 H, m), 4.0- 

3.7 (6 H, m), 3.17 (1 H, m), 2.95 (4 H, m), 2.75 (2 H, m), 1.82 (1 H, m), 1.65 (2 H, m), 1.39 
(6H,t,J = 7.0Hz), 0.93(3h,d,J = 6.4Hz),0.87(3h,d,J = 6.4Hz). 

) Exam ple 

Compound 30: To a solution of compound 29 (50 mg, 0.07 mmol) and formaldehyde (52 \xL, 
37%, 0.7 mmol) in methanol (1 mL) was added acetic acid (40 |jiL, 0,7 mmol). The mixture 
was stirred for 5 mins, and sodium cyanoborohydride (44 mg, 0.7 mmol) was added. The 
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mixture was stirred for 14 hrs» and methanol was removed under reduced pressure. Water 
was added, and was extracted with EtOAc. The organic phase was washed 0.5 N NaOH 
sohition (Ix), water (2x), and brine (Ix), and was dried over MgS04. Purification by flash 
column chromatography (CHaCfc/MeOH = 100/3) gave compound 30 (40 mg): *H NMR 
(CDCI3) 8 7.73 (2 H, d, J = 8.9 Hz), 7.10 (4 H, m), 6.66 (2 H, d, J = 8.2 Hz), 5.66 (1 H, d, J = 
5.2 Hz), 5.02 (1 H, m), 4.88 (1 H, m), 4.32 (2 H, d, J = 10.1 Hz), 4.26 (4 H, m), 3.98 (1 H, 
m), 3.85 (3 H, m), 3.75 (2 H, m), 3.19 (1 H, m), 2.98 (4 H, m), 2.93 (6 H, s), 2.80 (2 H, m), 
1.82 (1 H, m), 1.62 (2 H, m), 1.39 (6 H, t, J = 7.0 Hz), 0.90 (6 H, m). 

Example 31 

Compound 31: To a suspension of compound 25 (2.55 g, 5 mmol) in CEI2CI2 (20 mL) at O^C 
was added triehtylamine (2.8 mL, 20 mmol), followed by TMSCI (1.26 mL, 10 mmol). The 
mixture was stmred at O^C for 30 mms, and warmed to 25^C and stirred for additional 1 hr. 
Concentration gave a yellow solid. The yeUow solid was dissolved in acetonitrile (30 mL) 
and cooled to OT. To this solution was added DMAP(1 22 g, 10 mmol) and 
Bisfurancarbonate (1 .48 g, 5 mmol). The reaction mixture was stiired at 0°C for 2 hrs and for 
additional 1 hr at 25X. Acetonitrile was removed under reduced pressure. The mixture was 
diluted with EtOAc, and washed with 5% citric acid (2x), water (2x), and brine (Ix), and 
dried over MgS04. Concentration gave a yellow solid. The yellow solid was dissolved in 
THF (40 mL), and acetic acid (1 .3 mL, 20 mmol) and tetrabutylammonium fluoride (8mL, 
1 .0 N, Snunol) were added. The mixture was stirred for 20 mins, and THF was removed 
under reduced pressure. Purification by flash column chromatography (hexenes/EtOAc = 
1/1) gave compound 31 (1.5 g). 

Example 32 

Compound 32: To a solution of compound 31 (3.04 g, 5.1 mmol) in THF (75 mL) was added 
CS2CO3 (3.31 g, 10.2 nunol), followed by a solution of triflate (3.24 g, 7.65 mmol) in THF (2 
mL). The reaction mixture was stirred for 1 .5 hrs, and THF was removed under reduced 
pressure. The mixture was diluted with EtOAc, and washed with water (3x) and brine (Ix), 
and dried over MgS04. Purification by flash column chromatography (hexanes/EtOAc = 1/1 
to 1/3) gave compound 32 (2.4 g): ^H NMR (CDCI3) 5 8.1 7 (2 H, d, J - 8.5 Hz), 7.70 (2 H, J 
= 9.2 Hz), 7.43 (2 H, d, J = 8.5 Hz), 7.37 (10 H, m), 6.99 (2 H, d, J =9.2 Hz), 5.66 (1 H, d, J = 
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52 Hz), 5.1 5 (4 H, m), 5.05 (2 H, m), 4.26 (2 H, d, J = 1 0.2 Hz), 3.9-3.8 (4 H, m), 3.75 (2 H, 
m), 32-2.8 (7 H, m), 1.82 (1 H, m), 1-62 (2 H, m), 0.92 (6 H, m). 

Example 33 

Compound 33: To a solution of compound 32 (45 mg) in acetic acid (3 mL) was added zinc 
(200 mg). The mixture was stiired for 5 hrs. Celite was added, and the mixture was filtered 
and washed with EtOAc. The solution was concentrated to dryness and diluted with EtOAc. 
The organic phase was washed with 0.5 N NaOH solution, water, and brine, and dried over 
MgS04. Purification by flash column chromatography (CH2Cl2/isoproanol = 100/5) gave 
compound 33 (25 mg): ^H NMR (CDCia) 5 7.67 (2 H, d, J - 8.8 Hz), 7.36 (10 H, m), 6.98 (4 
H, m), 6.60 (2 H, d, J = 8.0 Hz), 5.67 (1 H, d, J = 4.9 Hz), 5.12 (4 H, m), 5.05 (1 H, m), 4.90 
(1 H, m), 4.24 (2 H, d, J = 10.4 Hz), 4.0-3.6 (6 H, m), 3.12 (1 H, m), 3.95 (4 H, m), 2.75 (2 H, 
m), 1 .80 (I H, m), 1 .2 (2 H, m), 0.9 (6 H, m). 

Example 34 

Compound 34: To a solution of compound 32 (2.4 g) in ethanol (140 mL) was added 10% 
Pd-C (1.0 g). The mixture was hydrogenated for 14 hrs. Celite was added, and the mixture 
was stirred for 5 mins. The slurry was filtered through a pad of celite, and washed with 
pyridine. Concentration under reduced pressure gave compound 34: ^H NMR (DMSO-de) 5 

7.67 (2 H, d, J = 8.9 Hz), 7. 1 4 (2 H, d, J = 8.9 Hz), 6.83 (2 H, d, J - 8.0 Hz), 6.41 (2 H, d, J - 
8.0 Hz), 5.51 (1 H, d, J = 5.2 Hz), 5.0-4.8 (2 H, m\ 4.15 (2 H, d, J = 10.0 Hz), 3.9-3.2 (8 H, . 
m), 3.0 (2 H, m), 2.8 (4 H, m), 2.25 (1 H, m), 1.4 (2 H, m), 0.8 (6 H, m). 

Example 35 

Compound 35: Compound 34 (1 .62 g, 2.47 mmol) and L-alanine butyl ester hydrochloride 
(2.69 g, 14.8 mmol) were coevaporated with pyridine (2x). The mixture was dissolved in 
pyridine (12 mL) and diisopropylethylamine (2.6 mL, 14.8 mmol) was added. To above 
mixture was added a solution of Aldrithiol (3.29 g, 14.8 mmol) and triphenylphosphine (3.88 
g, 14.8 g) in pyridine (12 mL). The reaction mixture was stimd for 20 hrs, and solvents were 
evaporated under reduced pressure. The mixture was diluted with ethyl acetate, and was 
washed with 0.5 N NaOH solution (2x), water (2x), and brine, and dried over MgS04. 
Concentration under reduced pressure gave a yellow oil, which was purified by flash column 
chromatography (CHaCfe/MeOH = 100/5 tolOO/15) to afford compound 35 (1.17 g): ^H 
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>DVIR (CDCI3) 5 7.70 (2 H, d, J = 8.6 Hz), 7.05 (2 H, d, J =8.6 Hz), 6.99 (2 H, d, J = 8.0 Hz), 
6.61 (2 H, A J = 8.0 Hz), 5.67 (1 H, d, J = 5.2 Hz), 5.05 (1 H, m), 4.96 (1 H, m), 4.28 (2 H, 
m), 4.10 (6 H, m), 4.0-3.6 (6 H, m), 3.12 (2 H, m), 2.92 (3 H, m), 2.72 (2 H, m), 1 .82 (1 H, 
m), 1.75-1.65 (2 H, m), 1.60 (4 H, m), 1.43 (6 H, m), 1.35 (4 H, m), 0.91 (12 H, m). 

Example 36 

Compound 37: Compound 36 (100 mg, 0.15 mmol) and L-alanine butyl ester hydrochloride 
(109 mg, 0,60 mmol) were coevaporated with pyridine (2x). The mixture was dissolved in 
pyridine (1 mL) and diisopropylethylamine (105 jiL, 0.6 rmnol) was added; To above 
mixture was added a solution of AldritWol (100 mg, 0.45 mmol) and triphenylphosphine (118 
mg, 0.45 mmol) in pyridine (1 mL). The reaction mixture was stirred for 20 hrs, and solvents 
were evaporated under reduced pressure. The mixture was diluted with ethyl acetate, and 
was washed with water (2x), and brine, and dried over MgS04. Concentration under reduced 
pressure gave an oil, which was purijfied by flash column chromatography (CH2Cl2/MeOH = 
1 00/5 tolOO/15) to afford compound 37 (21 mg): ^H NMR (CDCI3) 8 7.71 (2 H, d, J = 8.8 
Hz), 7.15 (2 H, d, J = 82 Hz), 7.01 (2 H, d, J = 8.8 Hz), 6.87 (2 H, d, J = 8.2 Hz), 5.66 (1 H, 
d, J = 5.2 Hz), 5.03 (1 H, m), 4.95 (1 H, m),4.2-4.0 (8 H, m), 3.98 (1 H, m), 3.89 (3 H, s), 
3.88-3.65 (5 H, m), 3.15 (1 H, m), 2.98 (4 H, m), 2.82 (2 H, m), 1.83 (1 H, m), 1.63 (4 H, m). 
1.42 (6 H, m), 1.35 (4 H, m), 0.95 (12 H, m). 

Example 37 

Compound 38: Compound 36 (100 mg, 0. 1 5 mmol) and L -leucine ethyl ester hydrochloride 
(1 17 mg, 0.60 mmol) were coevaporated with pyridine (2x). The mixture was dissolved in 
pyridine (1 mL) and diisopropylethylamine (105 ^l^ 0.6 mmol) was added. To above 
mixture was added a solution of Aldrithiol (100 mg, 0.45 mmol) and triphenylphosphine (1 1 8 
mg, 0.45 mmol) in pyridine (1 mL). The reaction mixture was stirred for 20 hrs, and solvents 
were evaporated under reduced pressure. The mixture was diluted with ethyl acetate, and 
was washed with water (2x), and brine, and dried over MgS04. Concentration under reduced 
pressure gave an oil, which was purified by flash column chromatography (CHzCk/MeOH = 
100/5 tolOO/15) to afford compound 38 (12 mg): ^H NMR (CDCis) 8 7.72 (2 H, d, J = 8.5 
Hz), 7.14 (2 H, d, J = 8.0 Hz), 7.00 (2^41 = 8.5 Hz), 6.86 (2 H, d, J = 8.0 Hz), 5.66 (1 H, 
d, J = 5.2 Hz), 5.05 (1 H, m), 4.95 (1 H, m), 4.2^.0 (8 H, m), 4.0-3.68 (6 H, m), 3.88 (3 H, s). 
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3.2-2.9 (5 H, m), 2.80 (2 H, m), L80 (1 H, m), 1.65 (4 H, m), L65-1.50 (4 H, m), 1.24 (6 H, 
inX0.94(18H,m). 

Example 38 

Compound 39: Compound 36 (100 mg, 0.15 mmol) and L-leucine butyl ester hydrochloride 
(1 1 7 mg, 0.60 mmol) were coevaporated with pyridine (2x). The mixture was dissolved in 
pyridine (1 mL) and diisopropylethylamine (105 ^lL, 0.6 mmol) was added. To above 
mixture was added a solution of Aldrithiol (1 00 mg, 0.45 nmaol) and triphenylphosphine (1 1 8 
mg, 0.45 nunol) in pyridine (1 mL). The reaction mixture was stiired for 20 hrs, and solvents 
were evaporated under reduced pressure. The mixture was diluted with ethyl acetate, and 
was washed with water (2x), and brme, and dried over MgS04. Concentration under reduced 
pressure gave an oil, which was purified by flash column chromatography (CHzCk/MeOH = 
100/5 tolOO/1 5) to afford compound 39 (32 mg): *H NMR (CDCI3) 5 7.72 (2 H, d, J = 8.8 
Hz), 7.15 (2 H, d, J - 8.0 Hz), 7.0 (2 H, d, J = 8.8 Hz), 6.89 (2 H, d, J = 8.0 Hz), 5.66 (1 H, d, 
J = 4.3 Hz), 5.07 (1 H, m), 4.94 (1 H, m), 4.2^.0 (8 H, m), 3.89 (3 H, s), 4.0-3.6 (6 H, m), 
32-2.9 (5 H, m), 2.8 (2 H, m), 1.81 (1 H, m), 1.78-1.44 (10 H, m), 1.35 (4 H, m), 0.95 (24 H, 
m). 

Example 39 

Compound 41: Compound 40 (82 mg, 0.1 mmol) and L-alanme isopropyl ester 
hydrochloride (92 mg, 0.53 rmnol) were coevaporated with pyridine (2x). The mixture was 
dissolved in pyridine (1 mL) and diisopropylethylamine (136 jjL, 0.78 mmol) was added. To 
above mixture was added a solution of Aldrithiol (72 mg, 0.33 mmol) and triphenylphosphine 
(87 mg, 0.33 mmol) in pyridine (1 mL). The reaction mixture was stirred at 75^C for 20 hrs, 
and solvents were evaporated under reduced pressure. The mixture was diluted with ethyl 
acetate, and was washed with water (2x), and brine, and dried over MgS04. Concentration 
under reduced pressure gave an oil, ^ch was purified by flash column chromatography 
(CHzCb/MeOH = 100/1 tolOO/3) to afford compound 41 (19 mg): 'H miR (CDCI3) 5 7.71 
(2 H, d, J = 8.9 Hz), 7.2-7.35 (5 H, m), 7.15 (2 H, m), 7.01 (2 H, d, J = 8.9 Hz), 6.87 (2 H, m), 
5.65 (1 H, d, J « 5.4 Hz), 5.05^.93 (2 H, m), 4.3 (2 H, m), 4.19 (1 H, m), 3.98 (1 H, m), 3.88 
(3 H, s), 3.80 (2 H, m), 3.70 (3 H, m), 3.18 (I H, m), 2.95 (4 H. m), 2.78 (2 H, m), 1.82 (1 H, 
m), 1.62 (2 H, m), 1.35 (3 H, m), 1.25-1.17 (6 H, m), 0.93 (3 H, d, J = 6.4 Hz), 0.88 (3 H, d, J 
= 6.4 Hz). 
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Example 40 

Compound 42: Compound 40 (100 mg, 0.13 mmol) and L-glycine butyl ester hydrochloride 
(88 mg, 0.53 mmol) were coevaporated with pyridine (2x). The mixture was dissolved in 
pyridine (1 mL) and diisopropylethylamine (136 fiL, 0.78 mmol) was added. To above 
mixture was added a solution of Aldrithiol (72 mg, 0.33 mmol) and triphenylphosphine (87 
mg, 0.33 mmol) in pyridine (1 mL). The reaction mixture was stirred at 75^C for 20 hrs, and 
solvents were evaporated under reduced pressure. The mixture was diluted with ethyl 
acetate, and was washed with water (2x), and brine, and dried over MgS04. Concentration 
under reduced pressure gave an oil, which was purified by flash column chromatography 
I (CHzCfe/MeOH = 100/1 tolOO/3) to afford compound 42 (18 mg): NMR (CDCI3) 8 7.71 
(2 H, d, J = 9.2 Hz), 7.35-7.24 (5 H, m), 7.14 (2 H, m), 7.00 (2 H, d, J = 8.8 Hz), 6.87 (2 H, 
m), 5.65 (1 H, d, J = 5.2 Hz), 5.04 (1 H, m). 4.92 (1 H, m), 4.36 (2 H, m), 4.08 (2 H, m), 3.95 
(3 H, m), 3.88 (3 H, s), 3.80 (2 H, m), 3.76 (3 H, m), 3.54 (1 H, m), 3.15 (1 H, m), 2,97 (4 H, 
m), 2.80 (2 H, m), 1.82 (1 H, m), 1.62 (4 H, m), 1.35 (2 H, m), 0.9 (9 H, m). 

■ 

Example Section H 
Example 1 

Sulfonamide 1: To a suspension of epoxide (20 g, 54.13 mmol) in 2-propanol (250 mL) was 
> added isobulylamme (54 mL, 541 mmol) and the solution was lefluxed for 30 min* The 
solution was evaporated under reduced pressure and the crude solid was dissolved in CH2CI2 
(250 mL) and cooled to 0°C. Triethylamine (15.1 mL, 10826 mmol) was added followed by 
tiie addition of 4-nitrobenzenesulfonyl chloride (1 2 g, 54. 1 3 mmol) and the solution was 
stitred for 40 min at O^'C, wanned to room temperature for 2 h, and evaporated under reduced 
J pressure. The residue vras partitioned between EtOAc and saturated NaHCOa. The organic 
phase was washed with saturated NaCl, dried with Na2S04, filtered, and evaporated under 
reduced pressure. The crude product was recrystallized from EtOAc/hexane to give the 
sulfonamide (30.59 g, 90%) as an off-white solid. 

) Example 2 

Phenol 2: A solution of sulfonamide 1 (15.58 g, 24.82 mmol) in EtOH (450 mL) and CH2CI2 
(60 mL) was treated with 1 0% Pd/C (6 g). The suspension was stirred under H2 atmosphere 
(balloon) at room temperature for 24 h. The reaction mixture was filtered through a plug of 
celite and concentrated under reduced pressure. The crude product was purified by column 
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chromatography on sflica gel (6% MeOH/CHiCla) to give the phenol (1U4 g, 90%) as a 
white solid. 



Example 3 

Dibenzylphosphonate 3: To a solution of phenol 2 (18,25 g, 35.95 mmol) in CH3CN (200 
mL) was added CS2CO3 (23.43 g, 71.90 mmol) and Inflate (19.83 g, 46.74 mmol). The 
reaction mixture was sthred at room temperature for 1 h and the solvent was evaporated 
under reduced pressure. The residue was partitioned between EtOAc and saturated NaCL 
The organic phase was dried with N%S04, filtered, and evaporated under reduced pressure. 
The crude product was purified by column chromatography on silica gel (2/1-EtOAc/hexane) 
to give the dibenzylphosphonate (16.87 g. 60%) as a white solid. 

Example 4 

Amme 4: A solution of dibenzylphosphonate (16.87 g, 21.56 mmol) in CH2CI2 (60 mL) at 
0*C was treated with trifluoroacetic acid (30 mL). The soluUon was sthred for 30 min at 0°C 
and then wanned to room temperature for an additional 30 min. Volatiles were evaporated 
under reduced pressure and the residue was partitioned between EtOAc and 0 J N NaOH. 
The organic phase was washed with 0.5 N NaOH (2x), water (2x). saturated NaCl, dried with 
NajSO^, filtered, and evapcsated under reduced pressure to give the amme (12.94 g, 88%) as 
a white solid. 

Carbonate 5: To a solution of (SK+)-3-hydroxytetrahydrofuran (5.00 g, 56.75 mmol) in 
CH2CI2 (80 mL) was added triethylamme (11.86 mL, 85.12 mmol) and bis(4- 
nitrophenyl)cari)onate (25.90 g. 85.12 mmol). The reaction mixture was stirred at room 
temperature for 24 h and partitioned between CH2CI2 and saturated NaHCOj. The CH2CI2 
layer was dried with Na2S04, fihered, and concentrated. Jhz crude product was purified by 
column chromatography on siKca gel (2/1-EtOAc/hexane) to give the carbonate (8.62 g, 
60%) as a pale yeUow oil '«*ich solidified iq>on refiigeiating. 

Example 6 

Carbamate 6: Two methods have been used. 
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Method 1: To a solution of 4 (6.8 g, 9.97 mmol) and 5 (2,65 g, 10.47 mmol) in CH3CN (70 
mL) at 0 was added 4-(dimethyIamino)pyridine (2.44 g, 19.95 mmol). The reaction 
mixture was stirred at O^C for 3 h and concentrated. The residue was dissolved in EtO Ac and 
washed with 0.5 N NaOH, saturated NaHCOs, H2O, dried with Na2S04, filtered, and 
concentrated. The crude product was purified by colimm chromatography on silica gel (3% 
2.propanol/CH2Cl2) to give the carbamate (3.97 g, 50%) as a pale yellow solid. 

Method 2: To a solution of 4 (6,0 g, 8.80 mmol) and 5 (2.34 g, 924 mmol) m CH3CN (60 
mL) at O^C was added 4-(dimethylamino)pyridine (0.22 g, L76 mmol) and N, N- 
diisopropylethylamine (3.07 mL, 17.60 mmol). The reaction mixture was stirred at O^'C for 1 
h and warmed to room temperature overnight. The solvent was evaporated under reduced 
pressure. The crude product was dissolved in EtOAc and washed with 0.5 N NaOH, 
saturated NaHCOs, H2O, dried with Na2S04, filtered, and concentrated. The crude product 
was purified by column chromatography on silica gel (3% 2-propanol/CH2Cl2) to give the 
carbamate (3.85 g, 55%) as a pale yellow solid. 

Example 7 

Phosphonic Add 7: To a solution of 6 (7.52 g, 9.45 mmol) in MeOH (350 mL) was added 
10% Pd/C (3 g). The suspension was stirred under H2 atmosphere (balloon) at room 
temperature for 48 h. The reaction inixture was filtered through a plug of celite. The filtrate 
was concentrated and dried under vacuum to give the phosphonic acid (5.24 g, 90%) as a 
white solid. 

Example 8 

Cbz Amide 8: To a solution of 7 (5.23 g, 8.50 mmol) in CH3CN (50 mL) was added N, O- 
his(trimethylsilyl)acetamide (16.54 mL, 68 mmol) and then heated to 70°C for 3 h. The 
reaction mixture was cooled to room temperature and concentrated. The residue was co- 
evaporated with toluene and dried under vacuum to afford the silylated intermediate which 
was used directly without any further purification. To a solution of the silylated intermediate 
La CH2CI2 (40 mL) at 0°C was added pyridine (1 .72 mL, 21 .25 mmol) and benzyl 
chloroformate (133 mL, 9.35 mmol). The reaction mixture was stirred at 0*^C for 1 h and 
warmed to room temperature overnight A solution of MeOH (50 mL) and 1% aqueous HCl 
(150 mL) was added at O^'C and stirred for 30 min. CM2CI2 was added and two layers were 
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separated. The organic layer was dried withNa2S04, filtered, concentrated, co-evaporated 
with toluene, and dried under vacuum to give the Cbz amide (4.46 g, 70%) as an off-white 
solid. 



Example 9 

Diphenylphosphonate 9: A solution of 8 (4.454 g, 5.94 mmol) and phenol (5.591 g, 59.4 
mmol) in pyridine (40 mL) was heated to yO'^C and l>dicyclohexylcarbodiimide (4.903 g, 
23.76 mmol) was added. The reaction mixture was stirred at 70*'C for 4 h and cooled to roo 
temperature. EtOAc was added and the side product 1,3-dicyclohexyI urea was filtered oflF. 
The filtrate was concentrated and dissolved in CH3CN (20 mL) at O^'C. The mixture was 
treated with DOWEX SOW x 8-400 ion-exchange resin and stirred for 30 min at 0°C. The 
resin was filtered off and the filtrate was concentrated. The crude product was purified by 
column chromatography on silica gel (4% 2-propanol/CH2Cl2) to give the 
diphenylphosphonate (2.947 g, 55%) as a white solid 



Example 1 0 

Monophosphonic Acid 10: To a solution of 9 (2.945 g, 3J27 mmol) m CH3CN (25 mL) at 
O^C was added IN NaOH (8^ mL, 8.2 mmol). The reaction mixture was stirred at (fC for 1 
h. DOWEX SOW X 8-400 ion-exchange resm was added and the reaction mixture was stirred 
for 30 min at O^C. The resin was filtered off and the fiftrate was concentrated and co- 
evaporated with toluene. The crude product was triturated with EtOAc/hexane (1/2) to give 
the monophosphonic acid (2.427 g, 90%) as a white solid. 

Example 1 1 

Cbz Protected Monophosphoamidate 11: A solution of 10 (2.421 g, 2.93 mmol) and L- 
alanine isopropyl ester hydrochloride (L969 g, 1 1.73 mmol) in pyridine (20 mL) was heated 
to 70**C and 1,3-dicyclohexylcarbodiimide (3.629 g, 17.58 mmol) was added. The reaction 
mixture was stirred at 70**C for 2 h and cooled to room temperature. The solvent was 
evaporated under reduced pressure and the residue was partitioned between EtOAc and 0.2 N 
HCl. The EtOAc layer was washed with 0.2 N HCl, H2O, saturated NaHCOj, dried with 
Na2S04, filtered, and concentrated. The crude product was purified by column 
chromatography on silica gel (4% 2-propanol/CH2Cl2) to give the monoamidate (1.569 g, 
57%) as a white solid. 
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Example 12 

Monopliosphoainidatel2: To a solution of 1 1 (1,569 g, 1.67 mmol) in EtOAc (80 mL) was 
added 10% Pd/C (0.47 g). The suspension was stined under Hj atmosphere (balloon) at room 
temperature overnight The reaction mixture was filtered through a plug of celite. The 
filtrate was concsentrated and the crude product was purified by column chromatography on 
silica gel (CH2CI2 to 1-8% a-propanol/CHjCb) to give the monophosphoamidate 12a (1.12 g, 
83%, GS 108577, 1 : 1 diasteie<Hneiic mixtore A/B) as a white solid: 'H NMR (CDCI3) 5 7.45 
(dd, 2H), 7.41-7.17 (m, 7H), 6.88 (dd, 2H). 6.67 (d, J = 8.4 Hz, 2H), 5.16 (broad s. IH). 4.95 
(m, IH). 4.37-4.22 (m, 5H), 3.82-3.67 (m, 7H), 2.99-2.70 (m, 6H), 2.11-1.69 (m, 3H), 1.38 
(m, 3H), 1.19 (m, 6H), 0.92 (d, J = 6.3 Hz, 3H), 0.86 (d, J = 6.3 Hz, 3H); ^'P NMR (CDCb) 6 
20.5, 19.6. 12b (29 mg, 2%, GS108578, diastereomer A) as a while soUd: 'H NMR (CDQs) 
5 7.43 (d, J = 7.8 Hz, 2H). 7.35-7.17 (m. 7H). 6.89 (d, J = 8.4 Hz, 2H), 6.67 (d, J = 8.4 Hz, 
2H), 5.16 (broad s, IH), 4.96 (m, IH), 4.38-4J2 (m, 4H), 4.20 (m, IH), 3.82-3.69 (m, 7H), 
2.99-2.61 (m, 6H), 2.10 (m, IH). 1.98 (m, IH), 1.80 (m, IH), 1.38 (d, J = 72 Hz. 3H), 1.20 
(d, J = 63 Hz, 6H), 0.92 (d, J = 6.3 Hz. 3H), 0.86 (d, J = 6.3 Hz, 3H); ^^P NMR (CDCI3) 5 
20.5. 12c (22 mg, 1 .6%, GS 108579, diastereomer B) as a white solid : 'H NMR (CDClj) 
5 7.45 (d. J = 8.1 Hz, 2H), 7.36-7.20 (m. 7H). 6.87 (d, J = 8.7 Hz, 2H), 6.67 (d, J = 8.4 Hz, 
2H), 5.15 (broad s, IH), 4.95 (m, IH), 4.34^.22 (m, 5H), 3.83-3.67 (m, 7H), 2.99-2.64 (m, 
6H), 2.1 M .68 (m, 3H), 1 .33 (d, J = 6.9 Hz, 3H), 1 .20 (d, J = 6.0 Hz, 6H), 0.92 (d, J = 6.3 Hz, 
3H), 0.86 (d, J = 6.3 Hz, 3H); ' 'P NMR (CDCI3) 8 19.6. 

Example 13 

Sulfonamide 13: To a suspension of epoxide (1.67 g, 4.52 mmol) in 2-propanol (25 mL) was 
added isobutylanune (4.5 mL, 452 mmol) and the solution was refluxed for 30 min. The 
solution was evaporated under reduced pressure and the crude solid was dissolved in CH2a2 
(20 mL) and cooled to O^C. Triethylamme (126 mL, 9.04 mmol) was added followed by the 
treatment of 3-nitrobenzenesulfonyl chloride (1 .00 g, 4.52 mmol). The solution was stirred 
for 40 min at 0°C, wanned to room temperature for 2 h, and evaporated under reduced 
pressure. The residue was partitioned betweoiEtOAc and saturated NaHCOj. The organic 
phase was washed with saturated NaCl, dried with Na2S04, filtered, and evaporated under 
reduced pressure. The crude product was purified by column chromatography on silica gel 
(1/1-EtOAc/hexane) to give the sulfonamide (1.99 g, 70%) as a white solid. 
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Phenol 14: Sulfonamide 13 (1.50 g, 2.39 mmol) was suspended in HOAc (40 mL) and 
concentrated HCl (20 mL) and heated to reflux for 3 h. The reaction mixture was cooled to 
room temperature and concentrated under reduced pressure. The crude product was 
partitioned hetween 10% MeOH/CH2Cl2 and saturated NaHCOa. The organic layers were 
washed with NaHCOa, H2O, dried with Na2S04, filtered, and concentrated to give a yellow 
solid. The crude product was dissolved in CHCI3 (20 mL) and treated with triethylamine (0.9 
mL, 6.45 mmol) followed by the addition of B0C2O (0.61 g, 2.79 mmol). The reaction 
mixture was stirred at room temperature for 6 h. The product was partitioned between CHCI3 
and H2O. The CHCI3 layer was washed vwth NaHCOa, H2O, dried with Na2S04, filtered, and 
concentrated. The crude product was purified by column chromatography on silica gel (1-5% 
MeOH/CH2Cl2) to give tiie phaiol (0.52 g, 45%) as a pale yellow solid. 

Example 15 

Dibenzylphosphonate 15: To a solution of phenol 14 (0.51 g, 0.95 mmol) in CH3CN (8 mL) 
was added CS2CO3 (0.77 g, 2.37 mmol) and triflate (0.8 g, 1.90 mmol). The reaction mixture 
was stored at room temperature for 1.5 h and the solvent was evaporated under reduced 
pressure. The residue was partitioned between EtOAc and saturated NaCl. The organic 
phase was dried Na2S04, filtered, and evaporated under reduced pressure. The crude product 
was purified by colunm chromatography on silica gel (3% MeOH/CH2Cl2) to give the 
dibenzylphosphonate (0.62 g, 80%) as a white solid. 

Example 16 

Amine 16: A solution of diben2ylphosphonate 15 (0.61 g, 0.75 mmol) m CH2CI2 (8 mL) at 
0°C was treated with trifluoroacetic acid (2 mL). The solution was stirred for 30 min at 0°C 
and then warmed to room temperature for an additional 30 mio. Volatiles were evaporated 
under reduced pressure and the residue was partitioned between EtOAc and 0.5 N NaOH. 
The organic phase was washed with O.S N NaOH (2x), water (2x), saturated NaCl, dried 
(Na2S04), filtered, and evaporated under reduced pressure to give the amine (0.48 g, 90%) 
which was used dhrectly without any further purification. 
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Carbamate 17: To a solution of amine 16 (0.48 g, 0.67 nmiol) in CH3CN (8 mL) at O'C was 
treated wi& (3R, 3aR, 6aS)-iiexahydrofino[2, 3-6]furan-2-3» 4-nitrophenyl carbonate (0.2 g, 
0.67 mmol, prepared according to Ghosh et al. J. Med. Chem. 1996, 39, 3278.) and 4- 
(dimethylamino)pyridine (0.17 g, 1.34 mmol). After stirring for 2 h at 0"C, the reaction 
solvent was evqwrated under reduced pressure and the residue was partitioned between 
EtOAc and 0.5 N NaOH. The organic phase was washed with 0,5N NaOH (2 x), 5% citric 
acid (2 x), saturated NaHCOs. dried with N^S04, filtered, and evaporated under reduced 
pressure. The crude product was purified by column chromatogr^hy on silica gel (3% 2- 
propanol/CHiCy to give the carbamate (0.234 g, 40%) as a white solid. 

Example 18 

Analine 18: To a solution of carbamate 17 (78 mg, 0.09 mmol) in 2 mL HOAc was added 
zinc powder. Hie reaction mixture was stirred at room tenqierature for 1.5 h and filtered 
tijrough a smaU plug of celite. The filtrate was concentrated and co-ev^rated with toluene. 
The crude product was purified by column cbranatogr^hy on silica gel (5% 2- 
propanaol/CHaCla) to give tiie analine (50 mg, 66%) as a vMte solid. 

Example 19 

Phosphonic Acid 19: To a sohition of analine (28 mg, 0.033mmol) in MeOH (1 mL) and 
HOAc (0.5 mL) was added 10% Pd/C (14 mg). The suspension was stined under H2 
ahnosphere (balloon) at room temperature for 6 h. The reaction mixhire was filtered through 
a smaU plug of celite. The filtrate was concentrated, co-ev^rated with toluene, and dried 
under vacuum to give the phosphonic acid (15 mg, 68%, GS 17424) as a white soUd: 'H 
NMR (DMSO-ds) 5 7.16-6.82 (m, 8H), 5.50 (d, IH), 4.84 (m, IH). 3.86-3.37 (m, 9H), 2.95- 
2.40 (m, 6H), 1 .98 (m, IH), 1.42-1 23 (m, 2H). 0.84 (d, J = 6.3 Hz, 3H), 0.79 (d. J = 6 J 
H23H). MS (ESI) 657 (M-H). 

Example 7.0 

Ph^l 21 : A suqjension of ammolqfdrobiQmide salt 20 (22.75 g, 44 mmol) m CH2CI2 (200 
mL) at 0*C was treated with triethylamine (24.6 mL, 176 mmol) followed by slow addition of 
chlorotrimethylsilane (1 1.1 mL, 88 mmol). The reaction mixtiire was stirred at O^C for 30 
mm and warmed to room temperature for 1 h. The solvent was removed under reduced 



SUBSTITUTE SHEET (RULE 26) 



wo 2004/096818 PCT/EP2003/012423 

438 

pressure to give a yellow solid. The crude product was dissolved in CH2CI2 (300 mL) and 
treated with triethylamine (18.4 mL, 132 mmol) and B0C2O (12 g, 55 mmol). The reaction 
mixture was stirred at room temperature overnight. The product was partitioned between 
CH2CI2 and H2O. The CH2CI2 layer was washed with NaHCCb, H2O, dried with Na2S04, 
filtered, and concentrated. The crude product was dissolved in THF (200 mL) and treated 
with hOMTBAF (102 mL, 102 mmol) and HOAc (13 mL). The reaction mixture was 
stirred at room temperature for 1 h and concentrated under reduced pressure. Tb& residue 
was partitioned between GH2CI2 and H2O, dried with Na2S04, filtered, and concentrated. 
The crude product was purified by column chromatography on silica gel (1-3% 2- 
propanol/CH2Cl2) to give tiie phenol (13.75 g, 58%) as a white solid. 

Example 21 

Dibenzylphosphonate 22: To a solution of phenol 21 (13 JO g, 25.48 mmol) in THF (200 
mL) was added CS2CO3 (16.61 g, 56.96 mmol) and triflate (16.22 g, 38.22 mmol). The 

reaction mixture was stirred at room temperature for 1 h and the solvent was evaporated 

....... ^. * 

under reduced pressure. The residue was partitioned between EtOAc and saturated NaCI. 
The organic phase was dried with Na2S04, filtered, and evaporated under reduced pressure. 
The crude product was purified by column chromatography on silica gel (3% MeOH/CH2Cl2) 
to give the dibenzylphosphonate (17.59 g, 85%) as a white solid. 

Example 22 

Amine 23: A solution of dibenzylphosphonate 22 (17.58 g, 2L65 mmol) in CH2CI2 (60 mL) 
at O^C was treated with trifluoroacetic acid (30 mL). Hie solution was stirred for 30 min at 
O^C and then warmed to room temperature for an additional 1 .5 h. Volatiles were evaporated 
under reduced pressure and the residue was partitioned between EtOAc and 0.5 N NaOH. 
The organic phase was washed with 0.5 N NaOH (2x), water (2x), saturated NaCl, dried with 
Na2S04, filtered, and evaporated under reduced pressure to give the amine (14.64 g, 95%) 
\^ch was xised directly without any further purification. 

Example 23 

Carbamate 24: To a solution of amine 23 (14.64 g, 20.57 mmol) in CH3CN (200 mL) at 0°C 
was treated with (3R, 3aR, 6aS)-hexahydrofiiro[2, 3-Z>]furan-2-yl 4-nitrophenyl carbonate 
(6.07 g, 20.57 mmol, prepared according to Ghosh et aL, J. Med. Chem. 1996, 39, 3278.) and 
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4-(dimethyIammo)pyiidine (5.03 g, 4L14ininol). After stiiring for 2 h at 0°C, the reaction 
solvent was evaporated under reduced pressure and the residue was partitioned between 
EtOAc and 0.5 N NaOH. The organic phase was washed with 0.5N NaOH (2 x), 5% citric 
acid (2 x), saturated NaHCOs, dried with Na2S04, filtered, and evaporated under reduced 
pressure. The erode product was purified by column chromatography on silica gel (3% 2- 
propanol/CHjCb) to give the carbamate (10 g, 56%) as a white solid. 

Example 24 

Phosphonic Acid 25: To a solution of carbamate 24 (8 g, 922 mmol) inEtOH (500 mL was 
added 10% Pd/C (4 g). The suspension was stirred under H2 almosphCTe (balloon) at room 
temperature for 30 L The reaction mixture was filtered through a plug of celite. Thecelite 
paste was suspended in pyridme and stirred for 30 min and filtered. This process was 
repeated twice. The combined solution was concentrated under reduced pressure to give the 
phosphonic acid (5.46 g, 90%) as an ofif-white solid. 

Example 25 

Cbz Amide 26: To a solution of 25 (5.26 g, 7.99 mmol) in CH3CN (50 mL) was added N, 0- 
bis(trimethylsilyl)acetamide (1 5.6 mL, 63.92 mmol) and then heated to 70*^0 for 3 h. The 
reaction mixture was cooled to room temperature and ccmcentrated. The residue was co- 
evaporated with toluene and dried under vacuum to afford the silylated intermediate which 
was used dhectly without any fiirther purification. To a solution of the sUylated intermediate 
m CH2CI2 (40 mL) at O^'C was added pyridine (1 .49 mL, 1 8.38 mmol) and benzyl chloro- 
formate (1.25mL, 8.79 mmol). The reactioii mixture was stirred at O^C for 1 h and wanned to 
room temperature overnight. A solution of MeOH (50 mL) and 1% aqueous HCl (150 mL) 
was added at O^^C and stirred for 30 min. CH2CI2 was added and two layers were separated. 
The organic layer was dried withNa2S04, filtered, concentrated, co-evaporated with toluene, 
and dried under vacuum to give the Cbz amide (4.43 g, 70%) as an off-white solid. 

Example 26 

Diphenylphosphonate 27: A solution of 26 (4.43 g, 5.59 mmol) and phenol (4.21 g, 44.72 
mmol) in pyridine (40 mL) was heated to 70*^0 and 1,3-dicyclohexylcarbodimiide (4.62 g, 
22.36 mmol) was added. The reaction mixture was stirred at 70**C for 36 h and cooled to 
room temperature. EtOAc was added and the side product 13-dicyclohexyl urea was filtered 
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off. The filtrate was concentrated and dissolved in CH3CN (20 mL) at O^C. Hie mixture was 
treated with DOWEX SOW x 8-400 ion-exchange resin and stined for 30 min at 0"*C. The 
resin was filtered off and the filtrate was amcentrated. The crude product was purified by 
column chromatography on silica gel (2/l.EtOAc/hexane to EtOAc) to give the 
diphenylphosphonate (2.11 g, 40%) as a pale yellow solid. 

Example 77 

Monophosphonic Acid 28: To a solution of 27 (2.1 1 g, 2.24 mmol) m CH3CN (15 mL) at 
0°C was added IN NaOH (5.59 mL, 5.59 mmol). The reaction mixture was stined at O'C for 
1 h. DOWEX SOW X 8-400 ion-exchange resin was added and the reaction mixture was 
stirred for 30 min at O'C. The resin was filtered off and the filtrate was concentrated and co- 
evaporated with toluene. The crude product was triturated with EtOAc/hexane (1/2) to give 
the monophosphonic acid (1.75 g, 90%) as a vMte solid. 

Example 28 

Cbz Protected Monophosphoamidate 29: A solution of 28 (1 .54 g, 1.77 mmol) and L-alanine 

isopropyl ester hydrochloride (2.38 g, 14.16 mmol) in pyridine (15 mL) was heated to 70°C 

and U-dicycIohexylcarbodiimide (2JiO g, 10.62 mmol) was added. The reaction mixture 

was stirred at 70^0 overnight and cooled to room temperature. The solvent was removed 

under reduced pressure and the residue was partitioned between EtOAc and 0.2 N HCl. The 

EtOAc layer was washed with 02 N HCl, H2O, saturated NaHCOj, dried with Na2S04, 

filtered, and concortrated. The crude product was purified by column chromatography on 

silica gel (3% MeOH/CH2Cl2) to give the monophosphoamidate (0.70g, 40%) as an off-white 
solid. 

t 
* 

Example 29 

Monophosphoamidate 30a-b: To a solution of 29 (0.70 g, 0.71 mmol) m EtOH (10 mL) was 
added 10% Pd/C (0.3 g). The suspension was stirred under H2 atmosphere (balloon) at room 
temperature for 6 h. The reaction mixture was filtered through a small plug of celite. The 
filtrate was concentrated and the crude jModucts were purified by column chromatography on 
siUca gel (7-10% MeOH/CH2Cl2) to give the monoamidates 30a (0.106 g, 18%, GS 77369, 
1/1 diastereomeric mixture) as a white solid: 'H NMR (CDCI3) 5 7.71 (d, J = 8.7 Hz, 2H), 
7.73-7.16 (m, 5H), 7.10-6.98 9m, 4H), 6.61 (d, J = 8.1 Hz. 2H). 5.67 (d, J = 4.8 Hz, IH), 
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5.31-4.91 (m, 2H), 4.44 (m, 2H). 4.20 (m, IH), 4.00-3.61 (m, 6H), 3.18-2.74 (m, 7H), 1.86- 

1.64 (m, 3H), 1.38 (m, 3H), 1.20 (m. 6H), 0.93 (d, J = 6.6 Hz, 3H), 0.87 (d, J = 6.6 Hz, 3H); 
^'P NMR (CDCI3) □ 19.1. 18; MS(ESI) 869 (M+Na). 30b (0.200 g, 33%, GS 77425, 1/1 
diastereoHMaic mixture) as a white solid: 'H NMR (CDCI3) 5 7.73 (dd, J = 8.7 Hz, J = 1 .5 
Hz, ZH), 7.36-7.16 (m, 5H), 7.09-7.00 (m, 4H), 6.53 (d, J = 8.7 Hz, 2H), 5.66 (d, J = 5.4 Hz, 
IH), 5.06-4.91 (m, 2H), 4.40 (m, 2H), 420 (m, IH), 4.00-3.60 (m, 6H), 3.14 (m, 3H), 3.00- 

2.65 (m, 6H), 1.86-1.60 (m, 3H), 1.35 (m, 3H), 1.20 (m, 9H), 0.92 (d, J = 6.6 Hz, 3H), 0.87 
(d, J = 6.6 Hz, 3H); P NMR (CDCI3) □ 19.0, 17.9. MS (ESI) 897 (M+Na). 

Example 30 

Synthesis of Bisamidates 32: A solution of phosphonic acid 31 (100 mg, 0.15 mmol) and L- 
valine ethyl ester hydrochloride (108 mg, 0.60 mmol) was dissolved in pyridine (5 mL) and 
the solvent was distilled under reduced pressure at 40-60°C. The residue was treated with a 
solution of PhsP (117 mg, 0.45 mmol) and 2,2'-dipyridyl disulfide (98 mg, 0.45 mmol) in 
pyridine (1 mL) followed by addition of N»K-diisopiopylethylamine (0.1 mL, 0.60 mmol). 
The reaction mixture was stirred at room t^perature for two days. The solvent was 
evi^xnated under reduced pressure and the residue was purified by column chromatography 
on idlica gel to give the bisamidate (73 mg, 53%, GS 17389) as a white solid: 'H NMR 
(CDCI3) 5 7.72 (d, J = 8.7 Hz, 2H), 7.15 (d, J = 8.1 Hz, 2H), 7.00 (d, J = 8.7 Hz, 2H), 6.86 (d, 
J = 8.1 Hz, 2H), 5.66 (d, J = 4.8 Hz. IH), 5.05 (m, IH), 4.95 (d. J = 8.7 Hz, IH), 4.23-4.00 (m 
,4H,), 3.97-3.68 (m, IIH), 3.39-2.77 (m, 9H), 2.16 (m, 2H), 1.82-1.60 (m, 3H), 1.31-1.18 (m, 
6H), 1.01-0.87 (m, 18H); ^'P NMR (CDCI3) 5 21.3; MS (ESI) 950 (M+Na). 

Example 3 1 

Triflate 34: To a solution of phenol 33 (2.00 g, 3.46 mmol) in THF (15 mL) and CH2CI2 (5 
mL) was added N-pheiiyltrifluoromethanesulfonimide (1.40 g, 3.92 mmol) and cesium 
carbonate (1.40 g, 3.92 mmol). The reaction mixture was stirred at room temperature 
overnight and concentrated The crude product was partitioned between CH2CI2 and 
saturated NaCl, dried with Na2S04, filtered, and concentrated. The crude product was 
purified by column chromatography on silica gel (3% MeOH/CH2Cl2) to give the triflate 
(2.09 g, 85%) as a white solid. 
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Aldehyde 35: To a suspension of triflate 34 (h45 g, 2.05 mmol), palladium (II) acetate (46 

mg, 0.20 mmol) and U-bis(diphenyIphosphino)piopane (84 mg, 0.2 mmol) in DMF (8 mL) 

under CO atmosphere (balloon) was slowly added triethylamine (1.65 mL, 1 1.87 mmol) and 

triethylsilane (1 .90 mL, 1 1 .87 mmol). The reaction mixture was heated to 70^C mider CO 

atmosphere (balloon) and stirred ovemig^it The solvent was concentrated under reduced 

pressure and partitioned between CH2CI2 and H2O. The organic phase was dried with 

Na2S04, filtered, and concentrated. The crude product was purified by column 

chromatography on silica gel (4% 2-propanol/CH2Cl2) to give the aldehyde (0.80 g, 66%) as 
a white solid. 

Example 33 

Substituted Benzyl Alcohol 36: To a solution of aldehyde 35 (0.80g, 1 .35 mmol) m THF (9 
mL) and H2O (1 mL) at -10*^C was added NaBH4 (0. 13 g, 3.39 mmol): The reaction mixture 
was stirred for 1 h at -10°C and the solvent was evaporated under reduced pressure. The 
residue was dissolved m CH2CI2 and washed with NaHS04, H2O, dried wilh Na2S04, filtered, 
and concentrated. Hie crude product was purified by column chromatography on silica gel 
(6% 2-pippanol/CH2Cl2) to give the alcohol (0.56 g, 70%) as a white solid. 

Example 34 

Substituted Ben2yl Bromide 37: To a solution of alcohol 36 (77 mg, 0.13 mmol) in THF (1 
mL) and CH2CI2 (1 mL) at O^C was added triethylamine ( 0.027 mL, 0.20 mmol) and 
methanesulfonyl chloride (0.01 1 mL, 0.14 mmol). The reaction mixture was stirred at 0°C 
for 30 min and warmed to room temperature for 3 h. Lithium bromide (60 mg, 0.69 mmol) 
was added and stkred for 45 min. The reaction mixture was concentrated and the residue was 
partitioned between CH2CI2 and H2O, dried with Na2S04, filtered, and concentrated. The 
crude product was purified by column chromatography on sihca gel (2% Me0H/CH2Cl2) to 
give the bromide (60 mg, 70%). 

Example 

Diethylphosphonate 38: A solution of bromide 37 (49 mg, 0.075 mmol) and 
triethylphosphite (0.13 mL, 0.75 mmol) in toluene (1 .5 mL) was heated to 120°C and stuxed 
overnight The reaction mixture was cooled to room temperature and concentrated under 
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reduced pressure. The crude product was purified by column chromatography on silica gel 
(6% MeOH/CH2Cl2) to give the diethylphosphonate (35 mg, 66%, GS 191338) as a white 
solid: NMR (CDCfe) 5 7.72 (d, J - 8.7 Hz, 2H), 7.27-7.1 6 (m, 4H), 7.00 (4 J = 8.7 Hz, 
2H), 5.66 (d, J = 5.1 Hz, IH), 5.00 (m, 2H), 4.04-3.73 (m, 13H), 3.13-2.80 (m, 9H), 1.82-L64 
5 (m, 3H), 125 (t, J = 6.9 Hz, 6H), 0.92 (d, J = 6.3 Hz, 3H), 0.88 (d, J == 6.3 Hz, 3H); NMR 
(CDCI3) □ 26.4; MS (ESI) 735 (M+Na). 

Example 36 

N-tert-Butoxycarbonyl-O-benzyl-L-serine 39: To a solution of Boc-L-serine (15 g, 73.09 
> mmol) in DMF (300 mL) at 0°C was added NaH (6.43 g, 160.80 mmol, 60% in mineral ofl) 
and stirred for 1.5 h at 0®C. After the addition of benzyl bromide (13.75 g, 80.40 mmol), the 
reaction mixtm-e was warmed to room temper^ The solvent was 

evaporated under reduced pressure and the residue was dissolved in H2O. The crude product 
was partitioned between H2O and EtzO. The aqueous phase was acidified to pH<4 with 3 N 
HCl and extracted with EtOAc three times. The comhmed EtOAc solution was washed with 
H2O, dried with Na2S04, filtered, and concentrated to give the N-tert-butoxycarbonyl-O- 
benzyl-L-seiine (17.27 g, 80%). 

Example 37 

Diazo Ketone 40: To a solution of N-tert-Butoxycarbonyl-O-benzyl-L-serine 39 (10 g, 33.86 
mmol) in dry THF (120 mL) at -15°C was added 4-methyhnoipholine (3.8 mL, 34.54 mmol) 
followed by the slow addition of isobutylchloroformate (4.40 mL, 33.86 mmol). The reaction 
mixture was stirred for 30 min and diazomethane (--50 mmol, generated fi^om 15 g Diazald 
accordmg to Aldrichimica Acta 1983, 16, 3) in ether (-150 mL) was poured into the mixed 
anhydride solution. The reaction was stirred for 1 5 min and was then placed in an ice bath at 
0°C and stirred for 1 h. The reaction was allowed to warm to room temperature and stirred 
overnight. The solvent was evaporated under reduced pressure and the residue was dissolved 
in EtOAc, washed with water, saturated NaHCOs, saturated NaCl, dried with Na2S04, filtered 
and evapcnrated. The crude product was purified by column chromatography (EtO Ac/hexane) 
to aflford the diazo ketone (7.50 g, 69%) as a yellow oil. 
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Example 38 

Chloroketone 41 : To a suspension of diazoketone 40 (7.50 g, 23.48 mmol) in etber (160 mL) 
at 0°C was added 4N HCI in dioxane (5,87 mL, 23.48 mmol). The reaction mixture was 
stirred at O^^C for 1 h. The reaction solvaat was evaporated under reduced pressure to give the 
chloroketone which was used directly without any further purification. 

Example 39 

Chlaroalcohol 42: To a solution of chloroketone 41 (7.70 g, 23.48 mmol) in THF (90 mL) 
was added water (1 0 mL) and the solution was cooled to 0°C. A solution of NaBH4 (2.67 g, 
70.45 imnol) in water (4 mL) was added dropwise over a period oflO min. Tlie mixture was 
stirred for 1 h at 0°C and saturated KHSO4 was slowly added until the pH<4 followed by 
saturated NaCI. The organic phase was washed with saturated NaCl, dried wifli Na2S04, 
filtered, and evaporated under reduced pressure. The crude product was purified by column 
chromatography on siUca gel (1/4 EtOAc/hexane) to give tiie chloioalcobol (6.20 g, 80%) as 
a diastereomeric mixture. 

Example 40 

Epoxide 43: A solution of chloroakohol 42 (6.20 g, 1 8.79 mmol) in EtOH (150 mL) was 
treated with 0.71 M KOH (127 g, 22.55 mmol) and the mixture was stined at room 
temperature for 1 h. The reaction mixture was evaporated under reduced pressure and the 
residue was partitioned between EtOAc and water. The orianic phase was washed witii 
saturated NaCl, dried with Na2S04, filtered, and evaporated under reduced pressure. The 
crude product was purified by column chromatography on silica gel (1/6 EtOAcAexane) to 
afford the desired epoxide 43 (2.79 g, 45%) and a mixture of diastereomers 44 (1.43 g, 23%). 

Example 41 

Sulfonamide 45: To a suspension of epoxide 43 (2.79 g, 8.46 mmol) in 2-propanol (30 mL) 
was added isobutylamine (8.40 mL, 84.60 mmol) and the solution was refluxed for 1 L The 
solution was evaporated under reduced pressure and the crude solid was dissolved m CH2CI2 
(40 mL) and cooled to 0°C. Triethylamme (2.36 mL, 16.92 mmol) was added followed by 
the addition of 4-metiioxybenzenesulfonyI chloride (1.75 g. 8.46 mmol). The solution was 
stirred for 40 min at 0°C, wanned to room temperature, and evaporated under reduced 
pressure. The residue was partitioned between BtOAc and saturated NaHCOa. The organic 
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phase was washed with saturated NaCl, dried with Na2S04, filtered, and evaporated under 
reduced pressure. The crude product was directly used without any fiather purification. 

Example 42 

Silyl Ether 46: A solution of sulfonamide 45 (5.10 g, 8.46 mmol) in CH2CI2 (50 mL) was 

treated with triethylamine (4.7 mL, 33.82 mmol) and TMSOTf (3.88 mL, 16.91 mmol). The 

reaction mixture was stirred at room temperature for 1 h and partitioned between CH2CI2 and 

saturated NaHCOj. The aqueous phase was extracted twice with CH2CI2 and the combined 

organic extracts were washed with saturated NaCl, dried with N^S04, filtered, and 

evaporated under reduced pressure. The crude product was purified by column 

chromatography on silica gel (1/6 EtOAc/hexane) to give the silyl ether (4.50 g, 84%) as a 
thick oil. 



Example 43 

AJcohol 47: To a solution of silyl ether 46 (4.5 g, 7.14 mmol) m MeOH (50 mL) was added 
10% Pd/C (0.5 g). The suspension was sthred under H2 atmoqAere (balloon) at room 
tempraature for 2 h. The reaction mixture was filteied through a plug of celite and 
concentrated under reduced pressure. The crude product was purified by column 
chromatography on silica gel (3% MeOH/CHiCfc) to give the alcohol (3.40 g, 85%) as a 
white solid 

Example 44 

Aldehyde 48; To a solution of alcohol 47 (0.60 g, 1.07 mmol) in CH2CI2 (6 mL) at O^C was 
added Dess Martin reagent (0.77 g, 1 .82 mmol). The reaction mixture was stined at 0°C for 
3 h and partitioned between CH2CI2 and NaHCOs. The organic phase was washed with H2O, 
dried with Na2S04, filtered, and concentrated. The crude product was purified by column 
chromatography on silica gel (1/4 EtOAc/hexane) to give the aldehyde (0.45 g, 75%) as a 
pale yellow solid. 

fccamole 45 

Sulfonamide 50: To a suspension of epoxide (2.00 g, 5.41 mmol) in 2-propanol (20 mL) was 
added amine 49 (4.03 g, 16.23 mmol) (prepared in 3 steps starting fiom 4- 
(ammomethyl)piperidine according to Bioorg. Meld, Chem. Lett., 2001, 11, 1261.). The 
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reaction mixture was heated to 80^C and stirred for 1 L The solution was evaporated under 
reduced pressure and the CTude solid was dissohred in CH2CI2 (20 mL) and cooled to 0°C. 
Trietfaylamine (4.53 eqL, 32.46 nunol) was added followed by the addition of 4- 
meflioxybenzenesulfonyl chloride (336 g, 16.23 mmol). The solution was stirred for 40 min 
at 0°C, wanned to room temperature for 1 .5 h, and evaporated under reduced pressure. The 
residue was partitioned between EtOAc and saturated NaHCOa. The organic phase was 
washed with saturated NaCl, dried with Na2S04, filtered, and evaporated under reduced 
pressure. The crude product was purified by column chromatography on silica gel (3% 2- 
propanol/CHaCk) to give the sulfonamide (2.50 g, 59%). 

Example 46 

Amine 51 : A solution of sulfonamide 50 (2.50 g, 3.17 mmol) in CH2CI2 (6 mL) at O'^C was 
treated with trifiuoroacetic acid (3 mL). The solution was stiired for 30 min at O^C and then 
warmed to room temperature for an additional 1 .5 h. Volatiles were evaporated under 
reduced pressure and the residue was partitioned between EtO Ac and 05 N NaOH. The 
organic phase was washed with 0.5 N NaOH (2x), water (2x) and saturated NaCl, dried with 
Na2S04, filtered, and evaporated under reduced pressure to give the amine (1.96 g, 90%) 
whidi was used direcfly without any further purification. 

Example 47 

Carbamate 52: To a solution of amine 51 (1.96 g, 2.85 mmol) in CH3CN (15mL) at 0°C was 
treated with (3R, 3aR, 6aS)-hexahydrofuro[2, 3-*]fiiran-2-yl 4-nitrophenyl carbonate (0.84g, 
2.85mmol, prepared according to Ghosh et al., J. Med. Chem. 1996, 39, 3278.) and 4- 
(dimethylamino)pyridine (0.70 g, 5.70 mmol). After stirring for 2 h at 0°C, the reaction 
solvent was evaporated under reduced pressure and the residue was partitioned between 
EtOAc and 0.5 N NaOH. The organic phase vras washed with 0.5N NaOH (2 x), 5% citric 
acid (2 x), saturated NaHCQs, dried with Na2S04, filtered, and evaporated under reduced 
pressure. The crude product was purified by column chromatography on silica gel (3% 2- 
propanol/CH2Cl2) to give tiie carbamate (1.44 g, 60%) as a white solid. 
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Example Section I 

Example 1 

Carbonate 2: To a solution of (RH+)-3-hydroxytetrahydroftian (1.23 g, 14 nunol) in 
CH2CI2 (50 mL) was added triethylamine (2.9 mL, 21 mmol) and bis(4-mtrophenyl)carbonate 
(4.7 g, 15.4 mmol). The reaction mixture was stirred at nxm temperature for 24 h and 
partitioned between CH2CI2 and saturated NaHCOj. The CH2CI2 layer was dried with 
Na2S04, filtered, and concentrated. The crude product was purified tqr column 
chromatography on siKca gel (2/1-EtOAc/hexane) to give the carixmate (2.3 & 65%) as a pale 
yellow oil which solidified upon standing. 

Rxamplft 7 

Carbamate 3: To a sohition of 1 (0.385 g, 0.75 mmol) and 2 (0210 g, 0.83 mmol) in CH3GN 
(7 mL) at room tonperature was added N, N-diisopropylethylamine (0.16 mL, 0.90 mmol). 
The reaction mixture was stiixed at room temperature for 44 k The solvent was evaporated 
under reduced pressure. The crude product was dissolved in EtOAc and washed with 
saturated NaHCOs. brine, dried with Na2S04, filtered, and concentrated. The crude product 
was purified by column chromatography on siUca gel (1/1-EtOAc/hexane) to give the 
carbamate (0.322 g, 69%) as a white solid: mp 98.100'*C (uncorrected). 

Examples 

Phenol 4: To a solution of 3 (0.31 g, 0.49 mmol) in EtOH (10 mL) and EtOAc (5 mL) was 
added 10% Pd/C (30 mg). The suspension was stirred under H2 atmosphere (balloon) at 
room temperature for 15 h. The reaction mixture was filteied through a plug of celite. Hie 
filtrate was concentrated and dried under vacuum to give the phenol (0265 g) in quantitative 
yield. 

Exami:rfe4 

Diethylphosphonate 5: To a solution of phenol 4 (100 mg, 0.19 mmol) in THF (3 mL) was 
added CS2CO3 (124 mg, 0.38 mmol) and triflate (85 mg, 0.29 mmol). The reaction mixture 
was stnied at room temperature for 4 h and the solvent was evaporated under reduced 
pressure. The residue was partitioned between EtOAc and saturated NaCl. Theor^c 
phase was dried with Na2S04, filtered, and evaporated under reduced pressure. The crude 
product was purified by column chromatography on silica gel (5% 2-propanoyCH2Cl2) to 
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give the diethylphosphonate (63 mg, 49%, GS 16573) as a white solid: NMR (CDCI3) 5 
7.65 (d, J = 8.7Hz, 2H), 721 (d, J = 8.7 Hz, 2H), 6.95 (d, J = 9 Hz, 2H), 6.84 (d, J = 8.4 Hz, 
2H), 5.06 (broad, s, IH), 4,80 (d, J = 7.5 Hz, IH), 4.19 (m, 6H), 3.83 (s, 3H), 3.80-3.70 (m, 
6H), 3.09-2.72 (m, 6H), 2.00 (m, IH), 1.79 (m, 2H), 1.32 (t, J = 7.5 Hz, 6H), 0.86 (d, J = 6.6 
Hz, 3H), 0.83 (d, J = 6.6 Hz, 3H); ^^P NMR 5 17.8. 

Example 5 

Dibenzylpho^honate 6: To a solution of phenol 4 (100 mg, 0.19 mmol) in THF (3 inL) was 
added CS2CO3 (137 mg, 0.42 mmol) and triflate (165 mg, 0.39 nunol). The reaction mixture 
was stirred at room temperature for 6 h and the solvent was evaporated under reduced 
pressure. The residue was partitioned between EtOAc and saturated NaCl. The organic 
phase was dried with Na2S04, filtered, and evaporated under reduced pressure. The crude 
product was purified by column chromatography on silica gel (5% 2-propanol/CH2Cl2) to 
give the dibenzylphosphonate (130 mg, 84%, GS 16574) as a white solid: ^H NMR (CDCI3) 
5 7.65 (d, J = 9 Hz, 2H), 7.30 (m, lOH), 7.08 (d, J = 8.4Hz, 2H), 6.94 (d, J = 9 Hz, 2H), 6.77 
(d, J = 8.7 Hz, 2H), 5.16-5.04 (m, 5H), 4.80 (d, J = 8.1 Hz, IH), 4.16 (d, J = 10.2 Hz, 2H), 
3.82 (s, 3H), 3.75-3.71 (m, 6H), 3.10-2.72 (m, 6H), 2.00 (m, IH), 1.79 (m, 2H), 0.86 (d, J = 
6.6 Hz, 3H), 0.83 (d, J = 6.6 Hz, 3H); P NMR (CDCI3) 8 18.8. 

Example 6 

Phosphonic Acid 7: To a solution of 6 (66 mg, 0.08 mmol) in EtOH (3 mL) was added 10% 
Pd/C (12 mg). The suspension was stined under H2 atmosphere (baUoon) at room 
temperature fin: 15 L The reaction mi}cture was filtered through a plug of celite. The filtrate 
was cmcentrated und^ reduced pressure and triturated with EtOAc to give the phosphonic 
acid (40 mg, 78%, GS 16575 ) as a white solid. 

Example 7 

Carbonate 8: To a solution of (S)-(+)-3-hydroxytetrahydrojEuran (2 g, 22.7 mmol) in CH3CN 
(50 mL) was added triethylamine (6.75 mL, 48.4 mmol) and N,N'-disuccinimidyl carbonate 
(6.4 g, 25 mmol). The reaction mixture was stirred at room temperature for 5 h and 
concentrated under reduced pressure. The residue was partitioned between EtOAc and H2O. 
The organic phase was dried with Na2S04, filtered, and concentrated under reduced pressure. 
The crude product was purified by column chromatography on silica gel (EtOAc as eluant) 
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foUowed by recrystallization (EtOAcAexane) to give tbe carboBate (2.3 g, 44%) as a white 
solid. 

Example 8 

Carbamate 9: To a solution of 1 (0.218g,0.42mmol)and8(0.12g.0.53inmol)inCH3CN 
(3 mL) at room temperature was added N. N-diisopropylethylamine (0.1 1 mL. 0.63 mmol) 
The reaction mixture was stined at room tempers for 2 h. Tie solvent was evaporated 
and the residue was partitioned between EtOAc and saturated NaHCO,. Tb, organic idiase 
was washed with brine, dried with Na,SO,, filtered, and concentrated, lie crude product 
was purified by column chromatography on silica gel (1/1-EtOAc/hexane) to give the 
carbamate (0.176 g, 66%) as a white solid. 

t 

Example 9 

Phenol 10: To a solution of 9 (0.1 76 g. 0.28 mmol) m EtOH (10 mL) was added 10% Pd/C 
(20 mg). The suspension was stirred under H. atmosphere (balloon) at room temperature for 
4h. Thereactionmixturewasfiheredthroughaplugofcelite. Hie filtrate ^ concentrated 
and dned mider vacuum to give the phenol (0.151 g. GS 10) in quantitative yield. 

Eyatwplf» 1 0 

Diethylphosphonate 1 1: To a solution of phenol 10 (60 mg, 0.1 1 mmol) in THF (3 mL) was 
added CS.CO, (72 mg. 0.22 mmol) and triflate (66 mg. 0.22 mmol). Tbe reaction mixture 
was stmed at room temperature for 4 h and the solvent vm evaporated under reduced 
pressure. The residue was partitioned between EtOAc and saturated NaCl. TTie organic 
phase was dried with Na^SO^, filtered, and evaporated under reduced pressure. Tbe crude 
product was purified by column chromatograjAy on silica gel (5% 2-pxopanol/CH3Cl2) to 
give the diethylphosphonate (38 mg, 49%. GS 11) as a white solid. 

Example Sectioii J 

&^aple I 



Tnflate 1: To a solution of A (4 g. 6.9 mmol) in IBF (30 mL) and CH^Cfc (10 mL) was 
added CS2CO3 (2.7 g, 8 mmol) and N-phenyltrifluoromethanesulfonimide (2.8 g. 8.0 mmol) 
and stirred at room temperature for 16 L TT»e reaction mixture was concentrated under 
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reduced pressure. The residue wsa partitioned between CH2CI2 and saturated brine twice. 
The organic phase was dried over sodium sulfate and used for next reaction without further 
purification. 

Example 2 

Aldehyde 2: A solution of crude above triflate 1 (--6.9 mmol) in DMF (20 mL) was degassed 
(high vacumn for 5 nnn, argon purge, repeat 3 times). To this solution were quickly added 
Pd(0Ac)2 (120 mg, 266 pmol) and bis(diphenylphosphino-propane (dppp ,220 mg, 266 
Hmol), and heated to TO'^C. To this reaction mixture was rapidly introduced carbon 
monoxide, and stirred at room temperature under an atmopheric pressure of carbon 
monoxide, followed by slow addition of TEA (5.4 mL, 38 mmol) and triethylsilane (3 mL, 18 
mmol). The resultant mixture was stirred at 70**C for 16 h, then cooled to room temperature, 
concentrated und«r reduced pressure, partitioned between CH2CI2 and saturated brine. The 
organic phase was concentrated under reduced pressure and purified on silica gel column to 
aflford aldehyde 2 (2.1 g, 51%) as white solid. 

Example 3 

Compounds 3a-3e: Respresentative Procedure, 3c: A solution of aldehyde 2 (0.35 g, 0.59 
mmol), L-alanine isopropyl ester hydrochloride (0.2 g, L18 mmol), glacial acetic add (0,21 
g, 3.5 mmol) in 1,2-dichloroethane (10 mL) was stirred at room temperature for 16 h, 
foUowed by addition of sodium cyanoborohydride (0.22 g, 3.5 mmol) and methanol (0.5 mL). 
The resulting solution was sthrred at room temperature for one h. The reaction mixture was 
washed with sodium bicarbonate solution, saturated brine, and chromatographed on silica gel 
to afford 3c (0.17 g, 40%). NMR (CDCI3): S 7.72 (d, 2H), 7.26 (d, 2H), 720 (d, 2H), 7.0 
(d, 2H), 5.65 (d, IH), 4.90-5.30 (m, 3H), 3.53-4.0 (m overlapping s, 13H), 3.31 (q, IH), 
2.70-3.20 (m, 7H), 1.50-1.85 (m, 3H), 1.25-1.31 (m, 9H), 0.92 (d, 3H), 0,88 (d, 3H). MS: 706 
(M+1). 



Compound 






Amino Acid 


3a 


Me 


Me 


Ala 


3b 


Me 


Et 


Ala 


3c 


Me 


iPr 


Ala 


3d 


Me 


Bn 


Ala 


3e 


iPr 


Et 


Va] 
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Example 4 

Sulfonamide 1 : To a solution of crude amine A (1 g, 3 mmol) in CH2CI2 was added TEA 
(0.6 g, 5^ mmol) and 3-methoxybenzenesulfonyI cMoride (0.6 g, 3 mmol). The resulting 
solution was stmed at room temperature for 5 h, and evaporated under reduced pressure. The 
residue was chiomatographed on silica gel to afford sulfonamide 1 (1.0 g, 67%). 

Example 5 

Amine 2: To a 0°C cold solution of sulfonamide 1 (0.85 g, 1.6 nunol)in CH2CI2 (40 nxL) 
was treated with BBrj in CH2CI2 (10 mL of 1 M solution, 10 mmol). Tlie solution was stirred 
atO"C lOmin and then wanned to room tempaature and stirred for 1.5 h. Thereactiwi 
mixfaire was quenched with CH3OH, concentrated under reduced pressure, azeoti^oped witii 
CH3CN tiiree times. The crude amine 2 was used for next reaction wifliout forflier 
purification. 

■ * 

Example 6 

Carbamate 3: A solution of crude amine 2 (0.83 mmol) in CH3CN (20 mL) and was treated 
wifli (3R, 3aR, 6aS)-hexahydro&ro[2, 3-6]furan-2-yl 4-nitrophenyl carbonate (245 mg, 0.83 
mmol, prepared according to Ghosh et al., J. Med. Chem. 1996, 39, 3278.) and N,N- 
dimethylaminopyiidine (202 mg, 1.7 mmol). After stirring for 16 h at room temperature, the 
reaction solvent was evaporated under reduced pressure and the residue was partitioned 
between CH2CI2 and saturated NaHCOj three times. The organic phase was evaporated 
under reduced pressure. The residue was purified by chromatography on silica gel affording 
tiie carbamate 3 (150 mg, 33%) as a solid. 



&cample7 

Diethylphosphonate 4: To a solution of carbamate 3(30 mg, 54 pmol) in THF (5 mL) was 
added CS2CO3 (54 mg, 164 funol ) and triflate # (33 mg, 109 Mmol). Afler stirring tiie 
reaction mixtine for 30 min at room temperature, additional CS2COJ (20 mg, 61 ^mol) and 
triflate (15 mg, 50 pmol) were added and tiie mixture was stirred for 1 more hour. The 
reaction mixture was evaporated under reduced pressure and die residue was partitioned 
between CH2CI2 and water. The organic phase was dried (NaaSO*), filtered and evirated 
under reduced pressure. The cmde product was chromatogiaphed on silica gel and repurified 
by HPLC (50% CH3CN-50% H2O on CI 8 column) to give the dielliylphosphonate 4 (15 mg. 
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39%). NMR (CDCI3): 8 7.45 (m, 3H), 7.17-7.30 (m, 6H), 5.64 (d, IH), 5.10 (d, IH), 5.02 
(q, IH), 4.36 (d, 2H), 4.18-4.29 (2 q overlap, 4H), 3.60-3.98 (m, 7H), 2.70-3.10 (m, 7H), 
1.80-1.90 (m, IH), 1.44-1.70 (m, 2H+ H20X 1.38 (t, 6H), 0.94 (d, 3H), 0.90 (d, 3H). ^^P 
NMR (CDCI3): 18.7 ppm; MS (ESI) 699 (M + H). 

Example 8 

Dibenzylphospbonate 5: To a solution of carbamate 3 (100 mg, 182 |jmol) in THF (10 mL) 
was added Cs2C03 (180 mg, 550 funol ) and dibenzylhydro^cymethyl phospbonate Inflate, 
Section A, Scbeme 2, Compomid 9, (ISO mg, 360 ^mol). After stirnng the reaction mixture 
for 1 b at room temperature, the reaction mixture vms evaporated under reduced pressure and 
the residue was partitioned between CH2CI2 and water. The organic phase was dried 
(Na2S04), filtered and evaporated under reduced pressure. The residue was purified by 
HPLC (50% CH3CN-50% H2O on C18 column) to give the dibenzylphosphonate 5 (1 10 mg, 
72%). ^HNMR (CDCI3): 5 7.41 (d, 2H), 7.35 (s, 10 H), 7.17-7.30 (m, 6H), 7.09-7.1 1 (m, 
IH), 5.64 (d, IH), 4.90-5.15 (m, 6H), 426 (d, 2H), 3.81-3.95 (m, 4H). 3.64-3.70 (m, 2H), 
2.85-3.25 (m, 7H), 1.80-1.95 (m, IH), 1.35-1.50 (m, IH), 0.94 (d, 3H), 0.91 (d, 3H). 
NMR (CDCI3) 8 19.4 ppm; MS (ESI): 845 (M + Na), 1666 (2M + Na). 

Example 9 

Phosphonic acid 6: A solution of dibenzylphosphonate 5 (85 mg, 0. 1 mmol) was dissolved in 
MeOH (10 mL) treated with 10% Pd/C (40 mg) and stirred under H2 atmosphere (balloon) 
overnight. The reaction was purged with N2, and the catalyst was removed by filtration 
ttirough celite. The filtrate was evsqporated under reduced pressure to afford phosphonic acid 
6 (67 mg, quantitatively). NMR (CD3OD): 5 7.40-7.55 (m, 3H), 7.10-7.35 (m, 6H), 5.57 
(d, IH), 4.32 (d, 2H), 3.90-3.95 (m, IH), 3.64-3.78 (m, 5H), 3.47 (m, IH), 2.85-3.31 (m, 
5H), 2.50-2.60 (m, IH), 2.00-2.06 (m, IH), 1.46-1.60 (m, IH), 1.30-1.34 (m, IH), 0.9 (d, 
3H), 0.90 (d, 3H). ^^P NMR (CD3OD): 1 6.60 ppm; MS (ESI): 641 (M - H). 

Example 10 

Sulfonamide 1 : To a solution of crude amine A (0.67 g, 2 mmol) in CH2CI2 (50 mL) was 
added TEA (0.24 g, 24 mmol) and crude 3-acetoxy-4-metho}grbenzenesulfonyl chloride (0.58 
g, 2.1 mmol, was prepared according to Kiatzl et al., Monatsh. Chem.1952, 83, 1042-1043), 
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and the solution was stirred at room temperature for 4 h, and evaporated undw reduced 
pressure. The residue was chromatographed on silica gel to afford sulfonamide 1 (0.64 g, 
54%). MS: 587 (M + Na), 1 1 50 (2M + Na) 

Phenol 2: Sulfonamide 1 (0.64 g, 1 . 1 mmol) was treated with saturated NHj in MeOH (15 
mL) at nxMn temperature for 15 min., thwi evapwated under reduced pressure. The residue 
was purified on silica gel column to afford phenol 2 (0.57 g, 96%). 



Example 1 1 

Dibenzylphosphonate 3a: To a solution of phenol 2 (03 g, 0.57 mmol) in THF (8 mL) was 
added CS2CO3 (0.55 g, 1.7 mmol) ) and dibenzylhydioxymethyl phosphonate triflate (0.5 g, 
1.1 mmol). After stirring die reaction mixture for 1 h at room ten]4)erature, the reaction 
mixture was quenched with water and partitioned between CH2CI2 and saturated ammonium 
chloride aqueous solution. The organic phase was dried (Na2S04), filtered and evaporated 
under reduced pressure. The residue was chromalogr^hed on silica gel (40% EtOAc/ 60% 
hexane) to give the dibenzyljAosphonate 3a (036 g, 82%). 'H NMR (CDCI3): 5 7.20-7.40 
(m, 17H), 6.91 (d, IH), 5.10-5.25 (2 q(ab) overly, 4H), 4.58-4.70 (m, IH), 434 (d, 2H), 
3.66-3.87 (m + s, 5H), 2.85-325 (m, 6H), 1.80-1.95 (m, IH), 1.58 (s. 9H), 0.86-0.92 (2d, 
6H). 



Rvam plft ^ 2 

Diefhylphosphonate 3b: To a solution of phenol 2 (0. 15 g, 028 mmol) in THF (4 mL) was 
added CS2CO3 (03 g, 0.92 mmol) ) and diethylhydroxymethyl phosphonate triflate (0.4 g, 1.3 
mmol). After stirring the reaction mixture for 1 h at room temperature, the reaction mixtme 
Was quenched wifli water and partitioned between CH2CI2 and saturated NaHCOj aqueous 
solution. The organic phase was dried (Na2S04), filtered and evaporated under reduced 
pressure. The residue was chromatographed on silica gel (1% CHJOH-CH2CI2) to give the 
diethylphosphonate 3b (0.14 g, 73%). 



Example 13 

Amine 4a: To a solution of 3a (0.35 g. 0.44 mmol) in CH2CI2 (10 mL) was treated with TFA 
(0.75 g, 6.6 mmol) at room tmperature for 2 L Ihe reaction was evaporated under reduced 
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pressure, azeotroped with CHjCN twice, dried to afford crude amine 4a. This crude 4a was 
used for next reaction without iiirther purification. 



Example 14 

Amine 4b: To a solution of 3b (60 mg, 89 junol) in CH2CI2 (1 mL) was treated with IF A 
(0. 1 mL, 1 .2 mmol) at room tenq)erature for 2 h. The reaction was evaporated under reduced 
pressure, azeotroped with CH3CN twice, dried to afford crude amine 4b (68 mg). This crude 
4b was used for next reaction without iiirther purification. 



F.xamplfi 1 

Carbamate 5a: An ice-cold solution of crude amine 4a (0.44 mmol) in CH3CN (10 mL) and 
was treated with (3R, 3aR, 6aS>hexahydrofiiro[2, 3.6]furan-2-yl 4-mtrophenyl carbonate 
(120 mg, 0.4 mmol) and N,N-dimethylaminopyridine (DMAP, 1 10 mg, 0.88 mmol). After 4 
h, more DMAP (0.55 g, 4.4 mmol) was added to &e reaction mixture. After stirring for 1.5 h 
at room temperature, the reaction solvent was evaporated under reduced pressure and the 
residue was partitioned between CH2CI2 md saturated NaHCOs. The organic phase was 
evaporated under reduced pressure. The residue was purified by chromatography on silica 
gel affording the crude carbamate 5a (220 mg) contaimng some p-nitrophenol. The crude 5a 
was repurified by HPLC (50% CH3CN /50% H2O) to afford pure carbamate 5a (176 mg, 
46%, 2 steps). 'H NMR (CDCI3): 5 7.20-7.36 (m, IH), 6.94 (d, IH), 5.64 (d, IH), 5.10-525 
(2 q(ab) overlap, 4H), 4.90-5.10 (m, IH), 4.90 (d, IH), 4.34 (d, 2H), 3.82-3.91 (m + s, 6H), 
3.63-3.70 (m, 3H), 2.79-3.30 (m. 7H), 1.80-1.90 (m, IH), 1.40-1.50 (m, IH), 0.94 (d, 3H), 
0.89 (d, 3H). "P NMR (CDCI3): 172 ppm. 



Eyamplft Ifi 

Carbamate 5b: An ice-cold solution of crude amine 4b (89 pmol)) in CH3CN (5 mL) and was 
treated with (3R, 3aR. 6aS)-hexahydrofuro[2, 3-6]fuTan-2-yl 4-nitrophenyl carbonate (26mg, 
89 (raiol) and N,N-dimethylaminopyridine (DMAP, 22 mg, 0. 1 7 mmol). After 1 h at 0°C, 
more DMAP (10 mg. 82 pmol) was added to the reaction mixture. Alter stirring for 2 h at 
room temperature, the reaction solvent was evaporated under reduced pressure and tiie 
residue was partitioned between CH2CI2 and saturated NaHC03. The organic phase was 
evaporated under reduced pressure. The residue was purified by HPLC (C18 column, 45% 
CH3Ca^/55% H2O) to afford pure carbamate 5b (18.8 mg, 29%, 3 steps). 'H NMR (CDCI3): 
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5 7.38 (d, 2H), 7.20-7.36 (m, 6H), 7.0 (d, IH), 5.64 (d, IH), 4.96-5.03 (m, 2H), 4.39 (d, 2H), 
4.20-4.31 (2q overiap, 41^ 3.80-4.00 ((s overlap with m, 7H), 3.60-3J3 (m, 2H), 3.64-3.70 
(m, 2H), 2.85-3.30 (m, 7H), 1.80-1.95 (m, IH), 1 .55-1.75 (m, IH), 1.35-1.50 (s overlap with 
m, 7H), 0.94 (d, 3H), 0.88 (d, 3H). ^^P NMR (CDCI3): IS.lppm. 

Example 17 

Phosphonic acid 6: A solution of dibenzylphosphonate 5a (50 mg, 58 pmol) was dissolved in 
MeOH (5 mL) and EtOAc (3 mL) and treated with 1 0% Pd/C (25 mg) and was stiucred at 
room temperature under H2 atmosphere (balloon) for 8 h. The catalyst was filtered off. The 
fillrate was concentrated and redissolved in MeOH (5 mL), treated with 10% Pd/C (25 mg) 
and was stirred at room temperature under H2 atmosphere (balloon) overnight The catalyst 
was filtered off. The filtrate was evaporated under reduced pr^sure to afford phosphonic 
acid 6 (38 mg, quantitatively). NMR (CD3OD): 6 7.42 (m, IH), 7.36 (s, IH), 7.10-725 
(m, 6H), 5.58 7 (d, IH), 4.32 (d, 2H), 3.90 (s, 3H), 3.60-3.80 (m, 6H), 3.38 (d, IH), 2.85-3.25 
(m, 5H), 2.50-2.60 (m, IH), 1.95-2.06 (m, IH), 1.46-1.60 (m, IH), 1.30-1.40 (m, IH), 
0.93(d,3H), 0.89 (d,3H).^^P NMR (CD3OD): 14.8 ppm; MS (ESI): 671 (M-H). 

Example 18 

Amine 7: To a O^C cold solution of diethylphosphonate 3b (80 mg, 0.1 18 mmol) in CH2CI2 
was treated with BBra in CH2CI2 (0.1 mL of 1 M solution, 1 mmol). The soluticm was stirred 
at 0°C 10 min and then warmed to room temperature and stirred for 3 h. Thereaction 
mixture was concentrated under reduced pressure. The residue was redissolved in CH2CI2 
(containing some CH3OH, concentrated, azeotroped with CH3CN three times. The crude 
amine 7 was used for next reaction without further purification. 

Example 19 

Carbamate 8: An ice-cold solution of crude amine 7 (0.1 18 mmol) in CHaCJsf (5 mL) and 
was treated with (3R, 3aR, 6aS)-hexahydrofuro[2, 3-6]fiiran-2-yl 4-nitrophenyl carbonate (35 
mg, 0.1 1 8 mmol) and N,N-dunethylammopyridine (29 mg, 0.24mmol), wanned to room 
teniperature. After stirring for 1 h at room temperature, more DMAP (20 mg, 0. 1 6 mmol) 
was added to reaction mixture. After 2 h stirred at room temperature, the reaction solvent 
was evaporated under reduced pressure and the residue was partitioned between CH2CI2 and 
saturated NaHCOs. The organic phase was evaporated under reduced pressure. The residue 
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was purified by HPLC on C18 (CH3CN-55%H20) to afford the desired carbamate 8 (1 1 .4 
mg. 13.4%) as an off-white solid. 'HNMR (CDQa): 8 7.20-7.40 (m, 7H), 7.00 (d, IH), 5.64 
(d, IH), 5.00-531 (m, 2H), 4.35 (d, 2H), 4.19-4.30 (2q overlap. 4H), 3.804.00 (m, 4H), 3.68- 
3.74 (m, 2H). 3.08-3.20 (m. 3H), 2.75-3.00 (m, 4H). 1.80-1.90 (m. IH), 1.55-1.75 (m, IH), 
1.38 (t, 6H), 0.91 (2d overlap, 6H). ^'P NMR (CD3OD): 819.5 ppm. 

Example Section K 

Exam ple 1 

Monophenjd-monolactate 3: A mixture of monoacid 1 (0.500 g, 0.7 mmol), alcohol 2 (0.276 
g, 2.09 mmol) and dicyclohexylcarbodiimide (0.431 g, 2.09 mmol) in dry pyridine (4 mL) 
was placed into a 70°C oil bath and heated for two hours. The reaction was monitored by 
TLC assay (SiOz, 70% ethyl acetate in hexanes as etaent, product Rf= 0.68, visualization by 
UV). The reaction contents were cooled to ambient temperature wifli the aid of a cool bafli 
and diluted with dichloromethane (25 mL). TLC assay may show preseiKje of starting 
material The dihrted reaction mixture was filtwed to remove solids. The filtrate was then 
cooled to O-'C and charged with 0.1 N HCl (10 mL). The pH 4 mixture was stured for 10 
minutes and poured into separatory funnel to allow fee layers to separate. The lower organic 
layer was collected and dried over sodium sulfate. ITie drying agent was filtered off and tiie 
filtrate concentrated to an oU via rotary evaporator (< 30°C warn bath). The crude product 
oil was purified on pretieated silica gel (deactivated using 1 0% methanol in dichloioimethane 
foflowed by rinse with 60% ethyl acetate m dichloromethane). The product was eluted with 
60% ethyl acetate in dichloromethane to afford the product monophenyl-monolactate 3 as a 
white foam (0.497 g, 86% yield). 'H miR (CDCI3) 5 7.75 (d, 2H), 7.40-7.00 (m, 14H). 5.65 
(d, IH), 5.20-4.90 (m, 4H), 4.70 (d, IH). 4.55-4.50 (m, IH). 4.00-3.80 (m, 4H). 3.80-3.60 (m. 
3H), 3.25-2.75 (m, 7H), 1.50 (d. 3H), 1.30-1.20 (m, 7HX 0.95 (d, 3H), 0.85 (d, 3H). ^'P 
NMR (CDCI3) 8 16.2, 13.9. 



Example 2 

Monophenyl-monoamidate 5: A mixture of monoacid 1 (0.500 g, 0.70 mmol), amine 
hydrochloride 4 (0.467 g, 2.78 mmol) and dicyclohexylcarbodiimide (0.862 g, 4.18 mmol) m 
dry pyridine (8 mL) was placed into a 60°C oil bath, and heated for one hour (at this 
temperature, product degrades if heating continues b^ond this point). The reacticm was 
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momtored by TLC assay (SiOz, 70% ethyl acetate in hexanes as eluent, product 1^= 039, 
visualization by UV). The contents ivere cooled to ambient temperature and diluted with 
ethyl acetate (15 mL) to precipitate a white solid. The mixture was filtered to remove soUds 
and the filtrate was concentrated via rotaiy evaporator to an oil The oU was diluted with 
dichloromethane (20 mL) and washed with 0.1 N HCl (2 x 20 mL), water (1 x 20 mL) and 
dilute sodium bicarbonate (1 x 20 mL). Tte organic layer was dried over sodium sulfete. 
filtered,andconcentratedtoanQUviarotaryevaporator. The crude product oil was dissolved 
in dichloromethane (10 mL). Hexane was slowly charged to the stirring solution until 
cloudmess persisted. The cloudy mixture was stiircd for a few mintues until TLC assay '■ 
showed that the dichloromethaue/hexane layer contained no product The 
dichloiomethaoe/hexanes layer was decanted and the solid was fiirther purified on siUca gel 
first pretreated with 10% methanol in ethyl acetate and rinsed with 50% ethyl acetate in 

hexanes. Tlie product 5 was eluted with 50% ethyl acetate m hexanes to afford a white foam 
(0255 g, 44% yield) vpon removal of solvents. NMR (CDCI3) 6 7.75 (d, 2H), 7.40-7.15 
(m, lOH), 7.15-7.00 (t, 2H), 5.65 (d. IH). 5.10^.90 (m. 3H), 4.50-4.35 (m. 2H), 4.25-4.10 
(m, IH), 4.00-3.60 (m. 8HX 3.20-2.75 (m, 7H), 1.40-120 (m, UH), 0.95 (d. 3H), 0.85 (d, 
3H). "P NMR (CDQs) 8 19.1, 18.0. 

Example 3 

Bisamidate 8: A solution of triphenylphosphme (1.71 g. 6.54 mmol) and aldrithiol (1.44 g, 
6.54 mmol) in diy pyridine (5 mL). stined for at least 20 mimites at room temperature, wm 
charged into a solution of diacid 6 (1.20 g. 1 .87 mmol) and amine hydrochloride 7 (1 .30 g, 
7.47 mmol) m dry pyridine (1 0 mL). Diisopropyle%lamine (0.97 g. 7.48 mmol) was the^ 
added to this combined solution and the contents were stirred at room temperature for 20 
hours. The reaction was monitored by TLC assay (SiOz, 5:5:1 ethyl 
acetate/hexanes/methanol as eluent. product 029, visualization by UV). Tte reaction 
mixture was concentrated via rotary evaporator and dissolved in dichloromethane (50 mL). 
Brine (25 mL) was charged to wash the organic layer. The aqueous layer was back extracted 
with dichloromethane (1 x 50 mL). The combined organic layers were dried over sodium 
sulfete, filtered, and concentrated via rotaiy evaporator to afford an oil The crude product oil 
was purified on silica gel using 4% isopropanol in dichloromethane as eluent Tire combined 

firactionscontaimng the product may have residual amine contamination. If so. the fractions 
were concentrated via rotary evaporator and further purified by silica gel chromatography 
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using a gradient of 1:1 cfbyl acetate/hexanes to 5:5:1 esthyl acetate/hexanes/methanol solution 
as eluent to afford iht product 8 as a foam (0,500 g, 30% yield). 

Example 4 

Diacid 6: A solution of dibenzylphosphonate 9 (8.0 g, 972 mmol) in ethanol (160 mL) and 
ethyl acetate (65 mL) under a nitrogen atmosphere and at room temperature was charged 10% 
Pd/C (1.60 g, 20 wt%). The mixture was stirred and evacuated by vacuum and purged with 
hydrogen several times. The contents were then placed under atmospheric pressure of 
hydrogen via a balloon. The reaction was monitored by TLC assay (Si02, 7:2.5:0.5 
dichloromethane/methanol/ammonium hydroxide as eluent, product R/= 0.05, visualization 
by UV) and was judged complete m 4 to 5 hours. Hie reaction mixture was filtered through a 
pad of celite to remove Pd/C and the filter cake rinsed with ethanol/ethyl acetate mixture (50 
mL). The filtrate was concentrated via rotary evaporation followed by several co- 
evaporations using ethyl acetate (3 x 50 mL) to remove ethanol. The semi-solid diacid 6, fi-ee 
of ethanol, was carried forward to the next step without purification. 

Example 5 

Diphenylphosphonate 10: To a solution of diacid 6 (5.6 g, 8.71 mmol) in pyridine (58 mL) at 
room temperature was charged phenol (5.95 g, 63. 1 mmol). To this mixture, while stirring, 
was charged dicyclohexylcarbodiimide (7.45 g, 36.0 mmol). The resulting cloudy, yellow 
mixture was placed in a 70-80''C oil bath. The reaction was monitored by TLC assay (Si02, 
7:2.5:0.5 dichloromethane/methanol/ammonium hydroxide as eluent, diacid 0.05, 
visualization by UV for the disappearance of starting material. Si02, 60% ethyl acetate in 
hexanes as eluent, diphenyl R^= 0.40, visualization by UV) and was judged complete in 2 
hours. To the reaction mixture was charged isopropyl acetate (60 mL) to produce a white 
precipitation. The slurry was filtered through a pad of celite to remove the white precipitate 
and the filter cake rinsed with isopropyl acetate (25 mL). The filtrate was concentrated via 
rotary evaporator. To the resulting yellow oil was charged a premixed solution of water (58 
mL) and IN HCl (55 mL) followed by isopropyl acetate (145 mL). The mixture was stined 
for one hour in an ice bath. After separating the layers, the aqueous layer was back extracted 
with ethyl acetate (2 x 50 mL). The combined organic layCTS were dried over sodium sulfate, 
fdtered, and concentrated via rotary evaporator. The crude product oil was purified by silica 
gel column chromatography using 50% ethyl acetate m hexanes as eluent to afford the 
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product 10 as a white foam (3.52 g. 51% yield). »H NMR (CDCI3) 8 7.75 (d, 2H), 7.40-720 
(m, 15H), 7.10 (d, 2H), 5.65 (d, IH), 5.10-4.90 (m, 2H), 4.65 (d, 2H). 4.00-3.80 (m, 4H), 
3.75-3.65 (m. 3H), 3.25-2.75 (m. 7H), 1.90-1.75 (m, IH), 1.70-1.60 (m, IH), 1.50-1.40 (m. 
IH), 0.90 (d, 3H), 0.85 (d, 3H). ^'p NMR (CDCI3) 8 10.9. 

Example 6 

Monophe0yl 1 : To a solution of diphenyl 10 (3.40 g, 4.28 nunol) in acetomtrile (170 mL) at 
0°C was chained IN sodium hydroxide (4.28 mL). The reaction was monitored by TLC 
assay (SiOj, 7:2.5:0J dichlorometiiane/methanol/ammonium hydroxide as eluent, diphenyl 
R/= 0.65, visualization by UV for the disappearance of starting material. Product 
monophenyl 1^= 0.80, visualization by UV). Additional IN NaOH was added (if necessaiy) 
until the reaction was judged complete. To the reaction contents at 0°C was charged Dowex 
It (Dowex 50WX8-200) (4.42 g) and stirred for 30 minutes at which time the pH of the 
mixture reached pH 1 (monitored by pH paper). The mixture was filtered to remove the 
Dowex resin and the filtrate was concentrated via rotary evaporation (water bath < 40°C). 
The resulting solution was co-evaporated with toluene to remove water (3 x 50 mL). The 
white foam was dissolved in ethyl acetate (8 mL) followed by slow addition of hexanes (16 
mL) over 30 mmutes to induce precipitatioa A premixed solution of 2:1 hexnaes/ethyl 
acetate solution (39 mL) was charged to the precipitated material and stirred. The product 1 
was filtered and rinsed with premixed solution of 2:1 hexanes/efliyl acetate solution (75 mL) 
and dried under vacuum to afford a white powder (2.84 g, 92% yield). »H NMR (CD3OD) 8 
7.80 (d, 2H). 7.40-7.30 (m. 2H), 7.20-7.15 (m. 1 IH), 5.55 (d, IH). 4.50 (d, 2H), 3.95-3.85 (m, 
IH). 3.80-3.60 (m. 5H). 3.45 (bd, IH), 3.25-3.15 (m. 2H). 3.00-2.80 (m, 3H). 2.60-2.45 (m. ' 
IH), 2.10-1.95 (m, 2H), 1.85-1.60 (m, 2H), 1.50-1.40 (m, IH). 1.40-1.30 (m, IH), 0.95 (d, ' 
3H).0.85(d.3H). ^'PNMR(CDCl3)813.8. Ihe monophenyl product 1 is sensitive to silica 
gel. On contact with silica gel 1 converts to an unknown compound possessing ^'P NMR 
chemical shift of 8 ppm. However, the desned monophenyl product 1 can be regenerated by 
treatment of the unknown compound with 2.5 M NaOH in acetonitrile at 0°C for one hour 
followed by Dowex H* treatment as described above. 



Exam ple 7 

Dibenzylphosphonate 9: To a solution of phenol 1 1 (6.45 g, 11 .8 mmol) in tetrahydrofuran 
(1 61 mL) at room temperature was charged triflate reagent 12 (6.48 g, 1 5.3 mmol). Cesium 
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carbonate (1 1.5 g, 35.3 mmol) was added and Ihe mixttne was stirred and monitored by TLC 
assay (SiOj, 5% methanol in dichloromettiane as eluent, dibenzyl product R/= 026, 
visualization by UV or niohydrin stain and heat). Additional CS2CO3 was added untU the 
reaction was judged complete. To the reaction contents was charged wata: (160 mL) and the 
mixtuie extracted with ethyl acetate (2 x 1 60 mL). The combined organic layer was dried 
over sodium sulfate, filtered, and concentrated via rotary evaporator to afford a viscous oil. 
The CTude oil was purified by silica gel column chromatography using a gradient of 100% 
dichloromethane to 1% methanol in dichloromethane to afford product 9 as a white foam 
(8.68 g, 90% yield). NMR (CDCI3) 5 7.75 (d. 2H), 7.40-7.20 (m. 16H), 6.95 (d, 2H), 5.65 
(d, IH). 5.20-4.90 (m. 6H), 4.25 (d, 2H). 4.00-3.80 (m, 4H), 3.75-3.65 (m, 3H). 3.20-2.75 (m, 
7H). 1.90-1.75 (m, IH), 1 JO-1.20 (m, IH). 0.90 (d, 3H), 0.85 (4 3H). ''P NMR (CDCI3) 8 
19.1. 

Example 7a 

Hydroxyphenylsulfonamide 14: To a solution of methoxyphenylsulfonamide 13 (35.9 g, 70.8 
mmol) in dichloromethane (3.5 L) at 0°C was charged boron tribromide (liVl in DCM, 40.1 
mL, 425 mmol). The reaction content was allowed to warm to room tempeiatme, stirred over 
two hours, and monitored by TLC assay (SiOa, 10% methanol in dichloromethane as ehient 
dibenzyl product R/= 0.1 6, visualization by UV). To the contents at 0°C was slowly charged 
propylene oxide (82 g, 1 .42 mmol). Methanol (200 mL) was added and the reaction mixtuie 
was concentrated via rotary evaporator to afford a viscous oil. The oude product mixture 
was purified by siKca gel column chromatography using 10% methanol in dichloromefliane to 
af&xrd the product 14 as a foam (22 g, 80% yield). NMR (DMSO) 8 7.60 (d, 2H), 730- 
7.20 (m, 5H), 6.95 (d, 2H), 3.90-3.75 (m. IH), 3.45-3.20 (m, 5H), 3.00-2.55 (m, 5H), 2.50- 
2.40 (m, IH), 1.95-1.85 (m, IH), 0.85 (d, 3H), 0.80 (d, 3H). 



Cisfuran carbamate 16: To a solution of amine 14 (20.4 g, 52.0 mmol) in acetonitrile (600 
mL) at room temperature was charged dimethylaminopyridine (13.4 g, 109 mmol) followed 
by cisfuran;>-nitrophenyIcaibonate reagent 15 (14.6 g. 49.5 mmol). The resulting solution 
was stirred at room temperahire for at least 48 hours and monitored by TLC assay (SiOa, 10% 
meflianol in dichloromethane as eluent, cisfuran product R/-= 0.34, visualization by UV). 
The reaction mixture was concentrated via rotary evaporator. The crude product mixture was 
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purified by silica gel column chromatography using a gradient of 60% ethyl acetate in 
hexanes to 70% ethyl acetate in hexanes to afford the product 16 as a solid (1 8.2 g, 64% 
yield). NMR PMSO) 5 10.4 (bs, IH), 7.60 (d, 2H), 730-7.10 (m, 6H), 6.95 (d, 2H), 5.50 
(d, IH), 4.85 (m, IH), 3.85 (m, IH), 3.70 (m, IH), 3.65-3.50 (m, 4H), 3.30 (d, IH), 3.05-2^5 
(m, 2H), 2.80-2.65 (m, 3H), 2.50-2.40 (m, IH), 2.00-1 .90 (m, IH), 1.45-1.20 (m, 2H), 0.85 
(d, 3H), 0.80 (d, 3H). 
Example Section L 

Example 1 

Monobenzyl phosphonate 2 A solution of dibenzylphosphonate 1(150 mg, 0.175mmol) vm 
dissolved in tolu^ (1 mL), treated with DABCO (20 mg, 0.178 mmol) and was refiuxed 
under N2 atmosphere (balloon) for 3 h. The solvent was rmoved and the residual was 
dissolved in aqueous HCl (5%). The aqueous lay^ was extracted with ethyl acetate and the 
organic layer was dried over sodium sul&te. After evaporation to yield the monobenzyl 
phosphonate 2 (107 mg, 80%) as a white powder. ^H NMR (CD3OD) 5 7.75 (d, J = 5.4 Hz, 
2H), 7.42-7.31 (m, 5H) 7.16 (d, J = 5.4 Hz, 2H), 7.01 (d, J = 5.4 Hz, 2H), 6.86 (d, J = 5.4 Hz, 
2H), 5.55 (d, J = 3.3 Hz, IH), 5.14 (d, J = 5.1 Hz, 2H), 4.91 (m, IH), 424-3.66 (m 
overlapping s, IIH), 3.45 (m, 2H), 3.14-2.82 (m, 6H), 2.49 (m, IH), 2.01 (m, IH), 1.51-1.34 
(m, 2H), 0.92 (d, J = 3.9 Hz, 3H), 0.87 (d, J = 3.9 Hz, 3H); ^^P NMR (CD3OD) 5 20.5; MS 
(ESI) 761 (M-H). 

Example 2 

Monobenzyl, ethyl phosphonate 3 To a solution of monobenzyl phosphonate 2 (100 mg, 0.13 
mmol) m dry THF (5 mL) at room temperature under N2 was added PhsP (136 mg, 0.52 
mmol) and ethanol (30 |iL, 0.52 mmol). Ajfter cooled to O'^C, DEAD (78^1, 0.52 mmol) was 
added. The mixture was stirred for 20 h at room temperature. The solvent was evaporated 
under reduced pressure and the residue was purified by using cfaromatograph on silica gel 
(10% to 30% ethyl acetate / hexane) to afford tbe monobenzyl, ethyl phosphonate 3 (66 mg, 
64%) as white sohd. 'H NMR (CDCI3) 7.70 (d, J = 8.7 Hz, 2H), 7.43-734 (m, 5H) 7.14 (d, 
J = 8.4 Hz, 2H), 7.01 (d, J = 8.7Hz, 2H), 6.84 (d, J = 8.4 Hz, 2H), 5.56 (d, J = 5.4 Hz, IH), 
5.19 (d, J = 8.7 Hz, 2H)t 5.00 (m, 2H), 4.22-3.67 (m overlapping s, 13H), 3.18-2.76 (m, 7H), 
1 .82-1 .54 (m, 3H), 1 .33 (t, J = 7.0 Hz, 3H), 0.92 (d, J = 6.6 Hz, 3H), 0.88 (d, J = 6.6 Hz, 3H); 
^'P NMR (CDCI3) 5 19.8; MS (ESI) 813 (M+Na). 
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Example 3 

Monoethyl phosphonate 4 A solution of monobenzyl, ethyl phosphonate 3 (60 mg) was 
dissolved in EtOAc (2 mL), treated with 10% Pd/C (6 mg) and was stttred under H2 
atmosphere (balloon) for 2h. The catalyst was removed by filtration through celite. The 
filtered was evaporated under reduced pressure, the residue was triturated with ether and the 
solid was collected by filtration to afford the monoethyl phosphonate 4 (50 mg, 94%) as 
white soKd. NMR (CD3OD) 7.76 (d, J = 8.7 Hz, 2H), 7 J 8 (d, J = 8.4 Hz, 2H), 7.01 (d, J 
= 8.7Hz, 2H), 6.89 (d, J - 8.4 Hz, 2H), 5.58 (d, J = 5,4 Hz, IH), 5.90 (m, IH), 422-3.67 (m 
overlapping s, 13H), 3.18-2.50 (m, 7H), 1.98(m, IH), 1.56 (m, 2H), 1.33 (t, J = 6.9 Hz, 3H), 
0.92 (d, J = 6.6Hz, 3H), 0.87 (d, J = 6.6 Hz, 3H); ^^P NMR (CD3OD) 8 18.7; MS (ESI) 700 
(M-H). 

Example 4 

Monophenyl, ethyl phosphonate 5 To a solution of phosphonic add 1 1 (800 mg, 1.19 mmol) 
and phenol (1.12 g, 1 1 .9 mmol) in pyridme (8 mL) was added ethanol (69 nL, 1 .19 mmol) 
and 1, 3-dicycIohexylcarbodiimide (Ig, 4.8 mmol). The solution was stirred at 70°C for 2h. 
The reaction mixture was cooled to room temperature, then diluted with ethyl acetate (10 
mL) and filtered. The filtrate was evaporated under reduced pressure to remove pyridine. 
The residue was dissolved in ethyl acetate and the organic phase was separated and washed 
with brine, dried over MgS04, filtered and concentrated. The residue was purified by 
chromatography on silica gel to give monophenyl, ethyl phosphonate 5 (600 mg, 65%) as 
white soKd. ^H NMR (CDCh) 7.72 (d, J = 9 Hz, 2H), 7.36-7.18 (m, 5H), 7.15 (d, J = 8.7 
Hz, 2H), 6.98 (d, J - 9Hz, 2H), 6.87 (d, J = 8.7 Hz, 2H), 5.64 (d, J = 5.4 Hz, IH), 5.00 (m, 
2H), 4.34 (m, 4H), 3.94-3.67 (m overlapping s, 9H), 3.18-2.77 (m, 7H), 1.824.54 (m, 3H), 
1 .36 (t, J = 7.2 Hz, 3H), 0.92 (d, J = 6.6 Hz, 3H), 0.87 (d, J = 6.6 Hz, 3H); ^'P NMR (CDCI3) 
8 16. 1 ; MS (ESI) 799 (M+Na). 

Example 5 

Sulfonamide 6 To a suspension of epoxide 5 (3 g, 8. 1 2 mmol) in 2-propanol (30 mL) was 
added isobutylamine (8 mL, 81.2 imnol) and the solution was stirred at 80*^C for 1 h. The 
solution was evaporated under reduced pressure and the crude soUd was dissolved in CH2CI2 
(40 mL) and cooled to 0°C. TEA (2.3 mL, 16.3mmol) was added followed by the addition of 
4-nitrobenzenesulfonyl chloride (1.8 g, 8.13 mmol) m CH2CI2 (5 mL) and the solution was 
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Stirred for 30 min at O'C, wanned to room tonperatore and evaporated under reduced 
pressure. Tbe residue was partitioned between EtOAc and saturated NaHCOj. The organic 
phase was washed with saturated NaCl, dried over Na2S04, filtered and evaporated under 
reduced pressure. The crude product was recrystallized from EtOAc/hexane.to give the 
sulfonamide 6 (4.6 g, 91%) as an oflf-white solid. MS (ESI) 650 (M+Na). 

Example 6 

Phenol 7 A solution of sulfonamide 6 (4.5 g, 7.1 mmol) in CH2CI2 (50 mL) at 0°C was 
treated with BBrj (IM in CH2CI2, 50mL). The solution was stirred at 0°C to room 
temperature for 48k CH3OH (10 mL) was carefiiUy added. Hie solvent was evaporated , 
under reduced pressure and the residue was partitioned between EtOAc and saturated 
NaHCOa. The organic phase washed with saturated NaCl. dried over Na2S04. filtered, and 
evaporated under reduced pressure. The crude product was purified by chromatography on 
silica gel (10% - MeOH/CH2Cl2) to give the phenol 7 (2.5 g, 80%) as an off-white soUd. MS 
(ESI) 528 (M+H). 

Example 7 

Carbamate 8 A solution of sulfonamide 7 (2.5 g, 5.7 mmol) in CH3CN (100 mL) and was 
treated with proton-sponge (3 g, 14 mmol) and followed by (3R. 3aR, 6aS>hexahydrofuro[2. 
3-6]fiaan-2-yl 4.mtrophenyl carbonate (1.7 g, 5.7 mmol) at 0°C. After stirring for 48h at 
room temperature, the reaction solvent was evaporated under reduced pressure and the 
residue was partitioned between EtOAc and 1 0% HCl. The organic phase was washed with 
saturated NaCl, dried over Na2S04, filtered, and evaporated under reduced pressure. The 
crude product was purified by chromatography on silica gel (10% MeOH/CH2Cl2) affording 
the carbamate 8 (2.1g, 62 %) as a white soUd. MS (ESI) 616 (M+Na). 

Example 8 

Diethylphosphonate 9 To a solution of carbamate 8 (2.1 g, 3.5 mmol) in CH3CN (50 mL) 
was added CS2CO3 (3.2 g, 9.8 mmol) and diethyhriflate (1.6g, 5.3 mmol). The mixture was 
stirred at room temperature for Ih. After removed the solvent, the residue was partitioned 
between EtOAc and saturated NaCl. The organic phase was dried over Na2S04, filtered, and 
evaporated under reduced pressure. The crude product was chromatographed on silica gel 
(1% to 5% MeOH /CH2CI2) to afford the diethylphosphonate 9 as a vAate soHd: 'H NMR 
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(CDCI3) 5 8.35 (d, J = 9 Hz, 2H), 7.96 (d, J = 9 Ifc^ 2H). 7.13 (d, J - 8.4 He, 2H), 6.85 (d, J = 
8.4 Hz. 2H). 5.63 (d, J = 5.1 Hz. IH), 5.18-5.01 (m, 2H). 4.27-4.17 (m. 6H), 3.94-3.67 (m. 
7H), 3.20-2.73 (m, 7H), 1.92-1.51 (m. 3H), 1.35 (t, J= 7.2 Hz, 6H). 0.88-0.85 (m. 6H); ^'p 
NMR (CDCI3) 8 1 9.2; MS (EST) 756 (M+Na). 

Example 9 

Amine 10 A solution of diethylphosphonate 9 (1 g) was dissolved in EtOH (100 mL), treated 
with 10% Pd/C (300 mg) and was stirred under atmosphere (baUoon) for 3L TTie reaction 
was purged with N2, and the catalyst was removed by filtration flmugh ceKte. After 
evapomtion of the filtrate, the residue was triturated with ether and the solid was collected by 
filtration to afford the. amine 10 (920 mg, 96%) as a white solid, 'h NMR (CDCI3) »H NMR 
(CDCI3) 8 7.41 (d. J = 8.4 Hz. 2H). 7. 1 7 (d. J = 8.4 Hz, 2H), 6.88 (d. J = 8.4 Hz. 2H). 6.68 (d 
J = 8.4 Hz. 2H). 5.67 (d, J = 5.1 Hz, IH). 5.13-5.05 (m. 2H), 4.42 (s, 2H), 4.29-4.20 (m. 6H) 
4.00-3.69 (m, 7H), 3.00-2.66 (m. 7H), 1 .80-1 .69 (m. 3H). 1 .38 (m, 6H). 0.94 (d. J = 6.4 Hz. 
3H). 0.86 (d, J = 6.4 Hz, 6H); ^'P NMR (CDCI3) 8 19.4; MS (ESI) 736 (M+Na). 



Compound 


Ri 


R2 


16a 


Gly-Et 


Gly-Et 


16b 


Gly-Bu 


Gly-Bu 


16i 


Phe-Bu 


Phe-Bu 


16k 


NHEt 


NHEt 



Example 10 

Synthesis of Bisamidates 16a. A solution of phosphonic acid 1 1 (100 mg, 0.15 mmol) L- 
alanine ethyl ester hydrochloride (84 mg, 0.6 mmol) was dissolved inpyiidine (5 mL) and 
the solvent was distilled under reduced pressure at 40.60°C. TTie residue was treated with a 
solution of PhjP (1 1 8 mg. 0.45 mmol) and 2,2'-dipyridyl disulfide (99 mg, 0.45 mmol) in 
pyridine (1 mL) stirring for 20h at room temperature. Hie solvent was evaporated under 
reduced pressure and the residue was chiomatographed on silica gel (1% to 5% 2- 
propanoI/CHzCU). The purified product was suspended in ether and was ev^orated mider 
reduced pressure to afford bisamidate 16a (90 mg. 72%) as a white solid: 'H NMR (CDCI3) 
8 7.72 (d, J = 8.7 Hz, 2H). 7.15 (d. J = 8.7 Hz, 2H). 7.01 (d. J = 8.7 Hz. 2H). 6.87 (d. J = 8.7 
Hz . 2H), 5.68 (d, J = 5.1 Hz,. IH), 5.05 (m, IH). 4JZ5 ( d. J = 9.9 Hz. 2H). 4.19 (q, 4H), 
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3.99-3.65 (m overlappmg s, 13H,X 3.41 (m, IH), 3.20-2.81 (m, 7H), 1.85-1.60 (m, 3H), 1.27 
(t, J = 7.2 Hz, 6H), 0.93 (d, J = 6.3 Hz, 3H), 0.89 (d, J = 6.3 Hz, 3H); ^'P NMR (CDCI3) 3 
21.8; MS (ESI) 843 (M+H). 

Example 1 1 

Synthesis of Bisamidates 1 6b. A solution of phospbonic acid 1 1 (1 00 mg, 0.15 mmol) Lr 
alanine n-butyl ester hydrochloride (101 mg, 0.6 mmol) was dissolved in pyridine (5 mL) and 
the solvent was distilled under reduced pressure at 40-60°C. The residue was treated with a 
solution of PhsP (1 1 8 mg, 0.45 mmol) and 2,2^-dipyridyl disulfide (99 mg, 0.45 mmol) in 
pyridine (1 mL) stirring for 20h at room temperature. The solvent was evaporated under 
reduced pressure and the residue was chromatographed on silica gel (1% to 5% 2- 
propanol/CH2Cl2). The purified product was suspended m ether and was evaporated under 
reduced pressure to afford bisamidate 16b (100 mg, 74%) as a white solid: NMR (CDCI3) 
6 7.72(d,J = 9Hz,2H), 7.15 (d, J = 9Hz,2H), 7.01 (d, J=9Hz,2H),6.87(d, J = 9Hz,2H), 
5.67 (d, J = 5.4 Hz, IH), 5.05 (m, IH), 4.96 (m, IH), 4.25 (d, J = 9.9 Hz, 2H), 4.1 1 (t, J = 6.9 
Hz, 4H), 3.99-3.71 (m overlapping s, 13H,), 3.41 (m, IH), 3.20-2.80 (m, 7H), 1.87-1.60 (m, 
7H), 1.42 (m, 4H), 0.96-0.88 (m, 12H); ^^P NMR (CDCI3) 8 21.8; MS (ESI) 890 (M+H). 

Example 12 

Synthesis of Bisamidates 16j. A solution of phospbonic acid 1 1 (100 mg, 0.15 mmol) Lr 
phenylalanine n-butyl ester hydrochloride (155 mg, 0.6 mmol) was dissolved in pyridine (5 
mL) and the solvent was distilled under reduced pressure at 40-60X. The residue was 
treated with a solution of PhsP (1 18 mg, 0.45 mmol) and 2,2'-dipyridyl disulfide (99 mg, 0.45 
mmol) in pyridine (1 mL) sturing for 36h at room temperature. The solvent was evq)orated 
under reduced pressure and the residue was chromatographed on silica gel (1% to 5% 2- 
pFopanol/CH2Cl2). The purified product was suspended in ^her and was evaporated imder 
reduced pressure to afford bisamidate 1 6j (1 06 mg, 66%) as a white solid. ^H NMR 
(CDCI3) 5 7.72 (d, J = 8.7 Hz, 2H), 7.31-7.10 (m, 12H), 7.01 (d, J = 9 Hz, 2H), 6.72 (d, J = 
8.7 Hz, 2H), 5.67 (d, J = 5.1 Hz, IH), 5.05 (m, IH), 4.96 (m, IH), 4.35-3.98 (m., 7H), 3.90- 
3.61 (m overlapping s, lOH,), 3.19-2.78 (m, IIH), 1.87-1.25 (m, IIH), 0.96-0.88 (m, 12H); 
'*P NMR (CDCI3) 6 19.3; MS (ESI) 1080 (M+H). 
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Example 13 

Synthesis of Bisamidates 16k. A solution of phosphonic acid 1 1 (80 mg, 0.12 mmol), 
ethylamine (0.3 mL^ in THF, 0.6 mmol) was dissolved in pyridine (5 mL) and the solvent 
was distilled under reduced pressure at 40-60°C. The residue was treated with a solution of 
PhjP (109 mg, 0.42 mmol) and 2^'-dipyridyl disulfide (93 mg. 0.42 mmol) in pyridine (1 
mL) Stirling for 48h at room temperature. The solvent was evaporated under reduced 
pressure and the residue was chromatographed on sihca gel (1% to 5% 2-prppanol/CH2Cl2). 
The purified product was suspended in ether and was evaporated under reduced pressure to 
afford bisamidate 16k (60 mg, 70%) as a white soUd: NMR (CDCI3) 5 7.72 (d, J = 8.7 

Hz, 2H), 7.15 (d, J = 8.7 Hz. 2H), 7.01 (d, J = 8.7 Hz. 2H), 6.87 (d. J = 8.7 Hz , 2H), 5.67 (d, 
J = 5.1 Hz. IH), 5.05-4.95 (m, 2H), 4.15 ( d, J = 9.6 Hz. 2H). 3.99-3.72 (m overlapping s. 
9H,). 3.18-2.81 (m. 1 IH), 2.55 (br. IH), 1.85-1.65 (m, 3H). 1.18 (t. J = 7.2 Hz, 6H). 0.93 (d. 
J = 6.3 Hz. 3H), 0.89 (d, J = 6.3 Hz. 3H); NMR (CDCI3) 5 21.6; MS (EST) 749 (M+Na). 



Compound 




R2 


30a 


OPh 


Ala-Me 


30b 


OPh 


Ala-Et 


30c 


OPh 


(D)-Ala-iPr 


30d 


OPh 


Ala-Bu 


1 30e 


OBn 


Ala-Et 



Example 14 

Monoamidate 30a (Rl = OPh. R2 = Ala-Me) To a flask was charged with monophenyl 
phosphonate 29 (75 mg, 0. 1 mmol), L-alamne methyl ester hydrochloride (4.0 g. 22 mmol) 
and 1, 3-dicyclohexylcarbodimiide (84 mg, 0.6 mmol). then pyridme (1 mL) was added under 
N2. The resulted mixture was stirred at 60 - 70°C for 2 h, then cooled to room temperature 
and dihited with ethyl acetate. The mixture was filtered and the filtrate was evaporated. The 
residue was partitioned between ethyl acetate and HCl (0.2 N), the ethyl acetate phase was 
washed with water and NaHCOj, dried over NajSO* filtered and concentrated. The residue 
was purified by chromatography on siUca gel (efliyi acetate/hexane 1 :5) to give 30a (25 mg. 
30%) as a white solid. 'H NMR (CDCI3) 8 7.72 (d. J = 8.7 Hz. 2H), 7.73-7J24 (m, 5H) 7.19- 
7.15 (m, 2H), 7.01 (d, J = 8.7 Hz, 2H), 6.90-6.83 (m, 2H). 5.65 (d. J = 5.1 Hz. IH), 5.01 (m, 
2H), 4.30 (m. 2H). 3.97-3.51 (m overlappmg s, 12H), 3.20-2.77 (m. 7H). 1.81 (m, IH), 1.58 
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(m, 3H), 0.92 (d, J = 6.3 Hz, 3H), 0.88 (d, J = 6.3 Hz, 3H^ ^'P MMR (CDCI3) 5 20.4 and 
19.3; MS (ESI) 856 (M+Na). 

Example 15 

Monoamidate 30b (Rl = OPb, R2 = Ala-£t) was synthesized in the same manner in 35% 
yield. 'H NMR (CDCI3) 6 7.72 (d, J = 8.7 Hz, 2H), 7.73-7.24 (m, 5H) 7.19-7.15 (m, 2H), 
7.01 (d, J = 8.7 Hz, 2H), 6.90-6.83 (m, 2H), 5.65 (d, J= 5.4 Hz, IH), 5.01 (m, 3H), 4.30 -3.67 
. (m ovieriapping s, 14H), 3.18-2.77 (m, 7H), 1.81-1.35 (m, 6H), 1.22 (m, 3H), 0.92 (d, J = 6.3 
Hz, 3H), 0.88 (d, J = 6.3 Hz, 3H); ^'P NMR (CDCI3) 8 20.4 and 19.3; MS (ESI) 870 (M+Na). 

Example 16 

Monoamidate 30c (Rl = OPh, R2 = (D)-Ala-iPr) was synthesized in the same mianner in 52% 
yield. Isomer A 'H NMR (CDCI3) 6 7.72 (d, J = 8.7 Hz, 2H), 7.73-724 (m, 5H) 7.19-7.15 
(m, 2H), 7.01 (d, J = 8.7 Hz, 2H), 6.90-6.83 (m, 2H), 5.66 (m,, IH), 5.01 (m, 3H), 4.30 -3.67 
(m overlapping s, 14H), 3.18-2.77 (m, 7H), 1.81-1.35 (m, 6H), 1.23 (m, 6H), 0.92 (d, J = 6.3 
Hz, 3H), 0.88 (d, J = 6.3 Hz, 3H); '*P NMR (CDCI3) 5 20.4; MS (ESI) 884 (M+Na); Isomer 
B 'H NMR (CDCI3) 5 7.72 (d, J = 8.7 Hz, 2H), 7.73-7.24 (m, 5H) 7.19-7.15 (m, 2H), 7.01 (d. 
J = 8.7 Hz, 2H), 6.90-6.83 (m, 2H), 5.66 (m„ IH), 5.01 (m, 3H), 4.30 -3.67 (m overlapping s, 
14H), 3.18-2.77 (m, 7H), 1.81-1 J5 (m, 6H), 1.23 (m, 6H), 0.92 (d, J = 6.3 Hz, 3H), 0.88 (d, 
J = 6.3 Hz, 3H); "P NMR (CDCI3) 5 19.3; MS (ESI) 884 (M+Na). 

Example 17 

Monoamidate 30d (Rl = OPh, R2 = Ala-Bu) was synthesized in the same manner in 25% 
yield. 'H NMR (CDCI3) 8 7.72 (d, J = 8.7 Hz, 2H), 7.73-724 (m, 5H) 7.19-7.15 (m, 2H), 
7.01 (d, J = 8.7 Hz, 2H), 6.90-6.83 (m, 2H), 5.65 (d, J = 5.4 Hz, IH), 5.01 (m, 3H), 4.30 -3.67 
(m overlapping s, 16H), 3.18-2.77 (m, 7H), 1.81-1.35 (m, 8H), 122 (m, 3H), 0.92 (d, J = 6.3 
Hz, 3H), 0.88 (d, J = 6.3 Hz, 3H); ^*P NMR (CDCI3) 5 20.4 and 19.4; MS (EST) 898 
(MfNa). 

Example 18 

Monoamidate 30e (Rl = OBn, R2 = Ala-Et) To a flask was charged with monobenzyl 
phosphonate 2 (76 mg, 0.1 mmol), L-alanine methyl ester hydrochloride (4.0 g, 22 mmol) 
and 1, 3-dicyclohexylcarbodiimide (84 mg, 0.6 mmol), Hben pyridine (1 mL) was added under 
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N2. The resulted mixture was stined at 60 - 7(fC for 2 h, tben cooled lo room temperature 
and diluted with etbyl acetate. The mixture was filtered and llie filtrate was evaporated. The 
residue was partitioned between ethyl acetate and HCl (02 N), the ethyl acetate phase was 
washed with water and NaHCOj, dried over Na2S04 filtered and concentrated. The residue 
was purified by chromatography on silica gel (ethyl acetate / hexane 1 :5) to give 30a (25 mg, 
30%) as a white solid. 'H NMR (CDCI3) 8 7.72 (d, J = 8.7 Hz, 2H). 7.38-7.34 (m, 5H), 7.13 
(d, J = 8.7 Hz, 2H), 7.00 (d, J = 8.7 Hz, 2H), 6.86-6.80 (m, 2H), 5.65 (d, J = 5.4 Hz. IH), 
5.15-5.01 (m, 5H), 4.30 -3.67 (m overlapping s, 14H), 3.18-2.77 (m, 7H), 1.81-1.35 (m, 6H), 
1 .22 (m, 3H), 0.92 (d, J = 6.3 Hz, 3H), 0.88 (d, J = 63 Hz. 3H); ^'P NMR (CDCI3) 8 23.3 
and 22.4; MS (ESI) 884 (M+Na). 



Compound 


Ri 


Ri 


31a 


OPh 


Lac-iPr 


31b 


OPh 


Lac-£t 


31c 


OPh 


Lac-Bii 


31d 


OPh 


(R)-Lac-Me 


31e 


OPh 


(R)-Lac-Et 



Example 19 

Monolactate 31a (RI = OPh, R2 = Lac-iPr): To a flask was charged with monopheoyl 
phosphonate 29 (1.5 g. 2 mmol), isopropyl-(s)-lactate (0.88 mL, 6.6 mmol) and 1, 3- 
dicyclohexykarbodiimide (136 g, 6.6 mmol), then pyridine (15 mL) was added under Nj. 
The resulted mixtine vras stined at 60 - 70°C for 2 h, then cooled to room temperature and 
diluted with ethyl acetate. The mixture was fihered and the fihrate was evaporated The 
residue was washed with ethyl acetate and the combined organic phase was washed with 
NH4CI. brine and water, dried over Na2S04. filtered and concentrated. The residue was 
purified by chromatography on silica gel (ethyl acetate / CH2a2 1:5) to give 31a (139g, 
81%) as a white solid. IsomerA *H NMR (CDCI3) 8 7.72 (d, J = 8.7 Hz. 2H), 7.73-7.19 (m. 
5H). 7.15 (d. J = 8.4 Hz. 2H). 7.00 (d, J= 8.7 Hz, 2H), 6.92 (d, J = 8.4 Hz, 2H). 5.65 (d. J= 
5.4 Hz, IH), 5.15-5.00 (m, 4H). 4.56^.44 (m. 2H), 3.96 -3.68 (m overlapping s. 9H), 3.13- 
2.78 (m. 7H), 1.81-123 (m, 6H). 122 (m, 6H), 0.92 (d, J = 6.6 Hz, 3H), 0.88 (d, J = 6.6 Hz. 
3H); NMR (CDCI3) 8 17.4; MS (EST) 885 (M+Na). Isomer B 'H NMR (CDCI3) 8 7.72 
(d, J = 8.7 Hz, 2H), 7.73-7.19 (m, 5H). 7.14 (d, J = 8.4 Hz. 2H), 7.00 (d, J = 8.7 Hz. 2H). 6.88 
(d, J = 8.4 Hz, 2H). 5.64 (d. J= 5.4 Hz, IH), 5.15-5.00 (m, 4H), 4.53 -4.41 (m. 2H). 3.96 -3.68 
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(m overlapping s. 9H), 3.13-2.78 (m. 7H), 1.81-1.23 (m. 6H). 1.22 (m. €H), 0.92 (d, J = 6.6 
Hz, 3H), 0.88 (d, J = 6.6 Hz. 3H); ''P NMR (CDCI3) 5 153; MS (ESI) 885 (M+Na). 

Example 20 

Monolactate 31b (Rl = OPh. R2 = LacEt) was synthesized in the same manner in 75% yield. 

NMR (CDCI3) 8 7.72 (d, J = 8.7 Hz, 2H). 7.73-7. 14 (m. 7H), 6.99 (d. J = 8.7 Hz, 2H), 
6.88 (d, J = 8.7 Hz, 2H), 5.63 (m. IH), 5.19-4.95 (m, 3H), 4.44^.40 (m, 2H), 4.17-4.12 (m, 
2H). 3.95 -3.67 (m overlapping s, 9H), 3.15-2.77 (m, 7H), 1.81-1.58 (m, 6H), 1.23 (m, 3H), 
0.91 (d, J = 6.6 Hz. 3H), 0.87 (d, J = 6.6 Hz, 3H); ^'P NMR (CDCI3) S 17.5 and 1 5.4; MS 
(ESI) 872 (M+Na). 

Rample 21 

Monolactate 31c (Rl = OPh. R2 = Lac-Bu) was synthesized in the same manner in 58% 
yield. Isomer A 'H NMR (CDCfe) 8 7.72 (d, J = 8.7 Hz, 2H), 7.73-7.19 (m, 5H). 7.14 (d, J - 
8.4 Hz. 2H). 7.00 (d, J = 8.7 Hz, 2H), 6.90 (d, J = 8.4 Hz. 2H). 5.63 (d. J= 5.4 Hz, IH). 5.15- 
5.00 (m, 3H). 4.56-4.51 (m, 2H). 4.17-4.10 (m, 2H). 3.95-3.67 (m oveilapping s. 9H), 3.10- 
2.77 (m. 7H), 1.81-1.23 (m. lOH), 1 .23 (m, 6H), 0.91 (d, J = 6.6 Hz, 3H), 0.87 (d, J = 6.6 Hz, 
3H); ^'P NMR (CDCI3) 5 17.3; MS (ESI) 899 (M+Na). Isomer B 'HNMR (CDCI3) S 7.72 
(d, J = 8.7 Hz. 2H), 7.73-7.19 (m. 5H). 7.14 (d. J = 8.4 Hz, 2H). 7.00 (d, J = 8.7 Hz, 2H), 6.90 
(d, J = 8.4 Hz, 2H), 5.64 (d, J= 5.4 Hz, IHX 5.15-5.00 (m, 3H). 4.44 -4.39 (m, 2H). 4.17-4.10 
(m, 2H), 3.95 -3.67 (m overlapping s. 9H), 3.10-2.77 (m, 7H), 1.81-1.23 (m, lOH), 123 (m. 
6H). 0.91 (d, J = 6.6 Hz. 3H), 0.87 (d, J = 6.6 Hz. 3H); ^'P NMR (CDCI3) 5 15.3; MS (ESI) 
899 (M+Na). - 

Exampla 07 

Monolactate 31d (Rl = OPh, R2 = (R)-Lac-Me): To a stirred solution of monophenyl 
phosphonate 29 (100 mg. 0.13 mmol) in 1 0 mL of THF at room temperature under N2 was 
added methyl-(S)-lactate (54 mg, 0.52 mmol) and Ph3P (136 mg g,. 0.52 mmol), followed by 
DEAD (82mL, 0.52 mmol). After 2 h, the solvent was removed under reduced pressure, and 
the resulting crude mixture was purified by chromatogr^hy on silica gel (ethyl acetate / 
hexane 1:1) to give 31d (33 mg. 30%) as a white soUd. 'H NMR (CDCI3) 5 7.72 (d, J = 8.7 
Hz. 2H), 7.73-7.14 (m, 7H). 6.99 (d, J = 8.7 Hz, 2H), 6.88 (d. J = 8.7 Hz. 2H). 5.63 (m. IH), 
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5.194.95 (m, 3H), 4.44-4.40 (m. 2H), 3.95 -3.64 (m overi^ping s, 12H). 3.15-2.77 (m, 7H), 
1.81-1.55 (m, 4H), 0.91 (d, J = 6.6 Hz, 3H), 0.87 (d, J = 6.6 Hz, 3H); ''P NMR (CDCI3) 5 
1 7.4 and 15.3; MS (ESI) 857 (M+Na). 

faamole 23 

Monolactate 31e (Rl = OPh, R2 = (R>Lac-Et): To a stiired solution of monophenyl 
phosphonate 29 (50 mg, 0.065 mmol) in 2.5 mL of THF at room temperature imder was 
added eaiyl-(s)-lactate (3 1 mg. 0.52 mmol) and PhjP (68 mg g, 0.26 mmol), foUowed by 
DEAD (41mL, 0.52 mmol). After 2 h, the solvent was removed under reduced pressure, and 
the resulting crude mixture was purified by chromatography on silica gel (ethyl acetate / 
hexane 1:1) to give 31e (28 mg, 50%) as a white solid, 'h NMR (CDCI3) 5 7.72 (d, J = 8.7 
Hz, 2H). 7.73-7.14 (m, 7H). 6.99 (d. J= 8.7 Hz, 2H), 6.85(m, ZH), 5.63 (m, IH), 5.19-4.95 
(m, 3H). 4.44-t.40 (m, 2H), 4.17-4.12 (m, 2H), 3.95 -3.67 (m overlapping s, 9H), 3.15-2.77 
(m. 7H), 1.81-1.58 (m, 6H), 1.23 (m, 3H), 0.91 (d, J = 6.6 Hz. 3H), 0.87 (d, J = 6.6 Hz, 3H); 
^'P NMR (CDCb) 8 1 7.5 and 1 5.4; MS (EST) 872 (M+Na). 

Example 24 

Monolactate 32 (Rl = OBn, R2 = (S)-Lac-Bn): To a stirred solution of monobenzyl 
phosphonate 2 (76 mg, 0.1 mmol) in 0.5 mL of DMF at room temperature under N2 was 
added benzyl-(s>lactate (27 mg, 0.15 mmol) and PyBOP (78 mg. O.lSmmol), followed by 
DIEA (70^, 0.4 mmol). After 3 h, the solvent was removed under reduced pressure, and the 
resultmg crude mixture was purified by chromatography on silica gel (ethyl acetate / hexane 
1:1) to give 32 (46 mg, 50%) as a white solid. 'H NMR (CDCI3) 5 7.72 (d, J = 8.7 Hz, 2H), 
738-7.44 (m. lOH). 7.13 (d. J = 8.4 Hz, 2H). 6.99 (d, J = 8.7 Hz, 2H), 6.81(m, 2H), 5.63 (d.' J 
= 5.1 Hz, IH). 5.23-4.92 (m, 7H), 4.44-22 (m, 2H), 3.96 -3.67 (m overlapping s, 9H), 3.15-' 
2.77 (m, 7H), 1.81-1.58 (m, 6H), 0.93 (d, J = 6.3 Hz. 3H). 0.88 (d, J = 6.3 Hz. 3H); ^'p NMR 
(CDCI3) 5 20.8 and 19.6; MS (ESI) 947 (M+Na). 



Rxatnplft 7S 

MonoUctate 33 (Rl = OBn, R2 = (R>Lac-Bn): To a stirred solution of monobenzyl 
phosphonate 2 (76 mg, 0.1 mmol) in 5 mL of THF at room temperature under N2 was added 
benzyl-(s).lactate (72 mg, 0.4 mmol) and Ph^P (105 mg g. 0.4mmol), followed by DEAD 
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(60)jL, 0.4 mmol). After 20 h, the solvent was removed under reduced pressure, and the 
resulting crude mixture was puriJBed by chromatography on silica gel (ethyl acetate / hexane 
1:1) to give 33 (44 mg, 45%) as a white soUd. 'H NMR (CDCI3) 8 7.72 (d, J = 8.7 Hz, 2H), 
7.38-7.44 (m, lOH), 7.13 (m, 2H), 6.99 (d, J = 8.7 Hz, 2H), 6.81(m, 2H), 5.63 (m, IH), 5.23- 
4.92 (m, IH), 4.44-22 (m, 2H), 3.96 -3.67 (m overlapping s, 9H), 3.15-2.77 (m, 7H), 1.81- 
1.58 (m, 6H), 0.93 (d, J = 6.3 Hz, 3H), 0.88 (d, J = 6.3 Hz, 3H); "P NMR (CDClj) 5 20.8 
and 19.6; MS (ESI) 947 (M+Na). 

Rvam ple 26 

' Monophosphonic acid 34: A solution of monobenzyllactate 32 (20 mg) was dissolved in 
EtOH/ EtOAc (3 mL/l mL), treated with 10% Pd/C (4 mg) and was stined under H2 
atmosphere Q)alloon) for 1.5 h. The catalyst was removed by filtration through celite. The 
fihoced was ev^orated under reduced pressure, the residue was triturated with ether and the 
solid was collected by jSltration to afford the monophosphonic acid 33 (15 mg, 94%) as a 

; vdiite solid. 'H NMR (CD3OD) 8 7.76 (d, J = 8.7 Hz, 2H), 7. 1 8 (d, J = 8.7 Hz, 2H), 7.08 (d, J 
= 8.7 Hz, 2H), 6.90 (d, J = 8.7 Hz, 2H), 5.69 (d, J = 5.7 Hz, IH), 5.03-4.95 (m. 2H), 4.20 (m, 
2H), 3.90 -3.65 (m overiapping s, 9H), 3.41 (m, 2H), 3.18-2.78 (m, 5H), 2,44 (m, IH), 2.00 
(m, IH), 1 .61-1 .38 (m, 5H). 0.93 (d, J = 6.3 Hz, 3H), 0.88 (d, J = 6.3 Hz, 3H); "P NMR 
(CD3OD) 8 18.0; MS (ESI) 767 (M+Na). 

) 

Example 27 

Monophosphonic acid 35: A solution of monobeiozjdlactate 33(20 mg) was dissolved in 
EtOH (3 mL), treated with 1 0% Pd/C (4 mg) and was stirred under H2 atmosphere (balloon) 
for Ih. The catalyst was removed by filtration through celite. The filtered was ev^^rated 

> vaaAsx reduced pressure, the residue was triturated with ether and the solid was collected by 
filtration to afford the monopho^honic acid 35 (15 mg, 94%) as a white solid. 'H NMR 
(CD3OD) 8 7.76 (d, J = 8.7 Hz, 2H), 7. 18 (d, J = 8.7 Hz, 2H), 7.08 (d, J = 8.7 Hz, 2H), 6.90 
(d, J = 8.7 Hz, 2H), 5.69 (d, J = 5.7 Hz, IH), 5.03-4.95 (m, 2H), 420 (m, 2H), 3.90 -3.65 (m 
overlapping s. 9H), 3.41 (m, 2H), 3.18-2.78 (m, 5H). 2.44 (m, IH), 2.00 (m, IH), 1.61-1.38 

) (m, 5H), 0.93 (d, J = 6.3 Hz, 3H), 0.88 (d, J = 6.3 Hz, 3H); ^'P NMR (CD3OD) 5 1 8.0; MS 
(ESI) 767 (M+Na). 



SUBSTITUTE SHEET (RULE 26) 



wo 2004/096818 



472 



PCr/£P2003/012423 



Example 28 . 

Synthesis of Bislactate 36: A solution of phosphoiuc acid 11 (100 mg. 0.15 mmol) isopropyl- 
(S)-lactaie (79 mg, 0.66 mmol) was dissolved in pyridine (1 mL) and the solvent was 
distilled under reduced pressure at 40.60''C. The residue was treated mth a solution of Ph,P 
(137 mg, 0.53 mmol) and 2,2'KlipyridyI disulfide (1 16 mg. 0.53 mmol) in pyridine (1 mL) 
stirring for 20h at room temperature. The solvent was evaporated under reduced pressure and 
the residue was chromatographed on silica gel (l«/o to 5% 2.propano]/CH2Cl2). The purified 
product was suspended in ether and was evaporated under reduced pressure to afford 
bislactate 36 (42 mg, 32%) as a white soUd: NMR (CDCI3) 8 7.72 (d, J = 8.7 Hz 2H) 
7. 14 (d, J = 8.7 Hz, 2H), 7.01 (d. J = 8.7 Hz, 2H). 6.89 (d, J = 8.7 Hz. 2H), 5.66 (d, 5 i 
Hz. IH). 5.05 (m. 3H). 4.25 ( d, J = 9.9 Hz. 2H). 4.19 (q, 4H), 3i>9.3.65 (m overlapping s 
9H.). 3.41 (m. IH). 3.20-2.81 (m. 7H), 1.85-1.60 (m. 3H).1.58 (m. 6H), 1.26 (m, 12H), 0 93 

(d. J = 6.3Hz,3H). 0.89(d. J = 6.3Hz,3H);^'PNMR(CDCl3)621.1;MS(ESD923 
(M+Na). 



Example 29 

Triflate derivative 1: A IHF-CH^Cfe solution (SOmL-lO mL) of 8 (4 g, 6.9 mmol), cesium 
carbonate (2.7 g. 8 mmol), and N-phenyltrifluoromethane sulfonimide (2.8 g. 8 mmol) was 
reacted ovenught The reaction mixhne was worked up, and concentrated to 'dryness to give 



cande triflate derivative 1. 



Aldehyde 2: Crude triflate 1 (4.5.g, 6.9 mmole) was dissoNed in DMF (20 mL), and the 
solution was degassed (high vacuum for 2 min, Ar purge, repeat 3 times). Pd(0Ac)2 (0.12 g, 
0.27 mmoIX and bis(diphfinylphosphino)propane (dppp, 0.22 g. 0.27 mmol) were added and ' 
the solution was heated to 70»C. Carbon monoxide was rapidly bubbled through the solution, 
then underl atmosphere of carbonmonoxide. To tins solution were slowfy added TEA (5.4 ' 
inL,38mmol),andtrietiiylsilane(3mL.18mmol). The resulting solution was stined 
overnight at room temperature. Hie reaction mixture was worked up. and purified on silica 

gelcoWchromatographtoaffordaldehyde2(2.Ig,51%).(Hostetler.etal.J Org Chem 
1999.64.178-185). 
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Lactate prodrug 4: Compound 4 is prepared as described above procedme for 3a-e by the 
reductive amination between 2 and 3 with NaBHsCN in U-dichloroethane in the presence of 
HOAc. 





8 ■ OTf 

C0,Pd(0Ac)2 ^vO^N^N r\ WzW-J^\P\^ 

^ ^vJ. o V o b^-^ EtOOC 

dppp, DMF, 70 






NaBHaCN, HOAc 
CICH2CH2CI 



COOEl 



Example 30 

Preparation of compound 3 Diethyl (cyano(dimethyl)me1iiyI) phosphonate 5: A THF 

solution (30 mL) of NaH (3.4 g of 60% oil dispersion, 85 mmole) was cooled to -10°C, 

followed by the addition of diethyl (cyanomethyl)phosphonate (5g, 28.2 mmol) and 

iodomethane (1 7 g, 1 12 mmol). The resulting solution was stirred at -1 0'^C for 2 hr, then O^'C 

for 1 hr, was worked up, and purified to give dimethyl derivative 5 (5 g, 86%). 

Dietyl (2-amino-l,l-diemthyl-cthyl)phosphonate 6: Compound S was reduced to amine 

derivative 6 by the described procedure (J. Med. Chem. 1999, 42, 5010-501 9). 

A ethanol (150 roL) and IN HCl aqueous solution (22 mL) of 5 (2.2 g, 10.7 mmol) was 

hydrogenated at 1 atmosphere m the presence of PtOa (1.25 g) at room temperature 
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ovemighL The catalyst was filtered through a ceKte pad. Hie filtrate was conceimated to 
dryness, to give crude 6 (2.5g, as HCI salt). 



2-Ainmo-l,l-dimetfayI-ethyl phosphomc acid 7: A CH3CN (30 mL) of crude 6 (2.5 g) was 
cooled to 0«C, and treated with IMSBr (8 g, 52 nunol) for 5 hr. The reaction inixture was 
stilted with methanol for 1.5 hr at room temperature, concentrated, recharged with methanol, 
concentrated to dryness to give crude 7 which was used for next reaction without further 
purification. 



Lactate phenyl (2-amino-l.l-diemthyl-ethyl)phosphonate 3: Compounds is synthesized 
accordmg to the procedures described in a previous scheme for the preparation of a lactate 
phenyl 2-ammoethyl phosponate. Compound 7 is protected with CBZ, foUowed by the 
reaction with thionyl chloride at 70«C. Hie CBZ protected dichlorodate is reacted phenol in 
the presence of DIPEA. Removal of one phenol, follow by coupling with ethyl L-lactate 
leads N-CBZ.2-anuno-l.lKiimethyl^y] phosphonated derivative. Hydrogenation of N- 
CBZ derivative at 1 atmosphere in the presence of 10% Pd/C and 1 equivalent of TFA affords 
compound 3 as TFA salt 



O 
II 

Oi 




Mel. NaH, 
THF, -10«>C 



O 

It 



Pt02, IN HCI. 
H2.btoh 



HCI 



O 

II 




TMS-Br 



CH3CN 



O 

II 



OH 
OH 



1. CBZ-CI 



O 

II 



2. SOCI2, 70°C 

3. PhOH, DIPEA 



CBZHNO>C^^0Ph 
^ OPh 



1. NaOH, CH3CN 



cbzhnO^p^oph 

2. BOp-reagent il'^OLac 
DIPEA, L-actate O 
ethyl ester 



H2. 10% Pd/C, 
TFA (1 eq.) 



H2N0^_.0Ph 
II^O 

^EtOOC 



.TFA 
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Example Section M 



Scheme 1 



T (1) ABuNH,. APrOH. 80°C BocNH,^/\^NCbz 




(1) ABuNHz, APrOH, 80°C 

(2) CbzCI / TEA, CH2CI2 * 



OBn 




OBn 
1 



0°C to r.t. ^"^P ' DIPEA. CH3CN 

OBn 



H H ^•^ . 

V^V ^ EtOH / EtOAc. r.t. 0^^^ J 



H 9" 



aA\0>s^N.^^.A. NBoc 

6 5 KXoh 
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TfO^P(OXOBn)2 
CS2CO3, CH3CN 



H 9" 



O 



(1) TFA, CHgCi?^ 

(2) Q-SO2CI 
TEA, CH2CI2 



H 



OH 



GS 191477 



Pd / C. Hg 
MeOH, r.t"^ 




o - 

u . 



8 

GS 191478 



TO 



O 

cf^OH 
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Scheme 3 



H 9" I r \-Ch 



TEA.CH2CI2 = ; 




^OBn 



10 ^ 

GS 191479 o' OBn 



H 9*^ f r V-CR 



V-*-. o o 



MeOH, r.t. 



D" XX. 



^OH 



11 OH 

GS 191480 *^ 



(1) TFA. CH2CI2 



H 9" 




(2)F-^ >-S02CI 



- 0:1 XX>^ 



Co-' 



O"-^ 12 



TEA, CH2CI2 O--/ 12 \***^Q-^p^OBn 

GS 191482 // Vr, 

O OBn 



H 

MeOH. r.t. q | T i r.'^V 





13 V^o-^P-^'^ 

GS 191483 ^ 



SUBSTITUTE SHEET (RULE 26) 



wo 2004/096818 PCT/EP2003y012423 

478 

Scheme 4 



H 9" r l^\-OCF^ 



(1) TFA. CH2CI2 ^ Y "^'^ 

TEA. CH^Cb =^ lAo-- 



G5 191508 0 



H 9" r f^%-0CF3 
Pd / C, H2 y ,.aOv^N.,^^,.^Ns. /\ 

MeOH,r.t. /in- .A. \^ 



15 ^O-^ 



^OH 
X 

GS 192041 Q) OH 



H 9" 



(1) TFA.CH2Cl2^ /^..xvOs^Ns^^.,, 

HCI.N=>, O I II i 

(2) O-SO2CI V^. O 

TEA. CH2CI2 5^ 



go 

o o 



GS 273805 O OBn 



H 9" 



MeOH/AcOH V^v,^ O 
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PCT/EP2003/012423 



(1) TFA,CH2Cl2 

(2) CI02S-^-CHO 

TEA, CH2CI2 




6S 278114 i 



PCI/C.H2 
EtOAc, r.t * 




/**\— CHO 



1^ 




19 



C>''^OH 



(1) BSA, CH3CN, reflux 

(2) Morpholine. NaBHaCN 

HOAc, EtOAc 




20 (GS 278118) R = OH 



21 (GS 278117) R = N p 



Example 1 

Cbz Amide 1 : To a suspension of epoxide (34 g. 92.03 mmol) in 2-propanol (300 mL) was 
added isobutylamine (91.5 nxL, 920 mmol) and the solution was refluxed for 1 L The 
solution was cv^Kxated under reduced pressure and the erode solid was dried under vacuum 
to ghre the amine (38.7 g, 95%) which was dissolved in CHjCfe (300 mL) and cooled to 0°C. 
TrieAylamine (18 J mL, 131 mmol) was added followed by the addition of benqrl 
cWorofcnnate (13.7 mL, 96.14 mmol) and the solution was stirred for 30 min at 0°C, wanned 
to room temperature overnight, and evaporated under reduced pressure. The residue was 
partitioned between EtOAc and 0.5 M H3PO4. The organic phase was washed with saturated 
NaHCOs, Iwine. dried wift Na2S04, filtered, and evaporated under reduced pressure. The 
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crade product was purified by column chromatography on silica gel (iy2-EtOAc/hexane) to 
give the Cbz amide (45.37 g, 90%) as a white solid. 

Example 2 

Amine 2: A solution of Cbz amide 1 (4537 g, 78.67 mmol) in CH2CI2 (1 60 mL) at OX was 
treated with trifluoroacetic acid (80 mL). The solution was stirred for 30 min at 0°C and then 
warmed to room temperature for an additional 30 min. Volatiles were evaporated under 
reduced pressure and the residue was partitioned between EtOAc and 0.5 N NaOH. The 
organic phase was washed with 0.5 N NaOH (2 x), water (2 x), saturated NaCl, dried with 
Na2S04, filtered, and evaporated under reduced pressure to give the amine (35.62 g, 95%) as 
a white solid. 

Example 1 

Carbamate 3: To a solution of amme 2 (20.99 g, 44.03 mmol) m CH3CN (250 mL) at 0°C 
was treated with (3R, 3aR, 6aS>hexahydrofuro[2, 3-6]fiiran-2-yl 4-nitrophenyl carbonate 
(13.00 g, 44.03 mmol, prepared according to Ghosh et al. J. Med, Chem. 1996, 39, 3278.), 
i^^iV'-diisopropylethylamme (15.50 mL, 88.06 mmol) and 4-dimethylammopyridine (1.08 g, 
8.81 mmol). The reaction mixture was stirred at O^C for 30 min and then warmed to room 
temperature overnight The reaction solvent was evapomted under reduced pressure and the 
residue was partitioned between EtOAc and 0.5 N NaOH. The organic phase was washed 
with 0.5 N NaOH (2 x), 5% citric acid (2 x), saturated NaHCOa, dried wiA Na2S04, filtered, 
and evaporated under reduced pressure. The crude product was purified by column 
chromatography on silica gel (3% 2-propanol/CH2Cl2) to give the carbamate (23.00 g, 83%) 
as a \^te solid. 

Example 4 

Amine 4: To a solution of 3 (23.00 g, 36 J5 mmol) in EtOH (200 mL) and EtOAc (50 mL) 
was added 20% Pd(0H)2/C (230 g). The suspension was stirred under H2 atmosphere 
(balloon) at room temperature for 3 h. The reaction mixture was filtered through a plug of 
celite. The filtrate was concentrated and dried under vacuum to give the amine (14.00 g, 
94%) as a white solid. 
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Phenol 5: To a solution of amine 4 (14.00 g, 34.27 mmol) in H2O (80 mL) and 1.4-dioxane 
(80 mL) at O'C was added NajCOs (5.09 g, 47.98 mmol) and di-ter/-butyl dicaibonate (8.98 
g, 41.13 mmol). The reaction mixture was stiired at 0°C for 2 h and then warmed to room 
temperatnre for 30 min. The residue was partitioned between EtOAc and H2O. The organic 
layer was dried with Na2S04, filtered, and concentrated. The crude product was purified by 
column chromatography on siUca gel (3% MeOH/CHiCla) to give the phenol (15.69 g, 90%) 
as a white solid. 

Example 6 

Dibenzylphosphonate 6: To a solution of phenol 5 (15.68 g, 30.83 mmol) in CH3CN (200 
mL) was added CS2CO3 (15.07 g, 46.24 mmol) and triflate (1 7.00 g, 40.08 mmol). The 
reaction mixture was stirred at room tenqjerature for 1 h, the salt was filtered ofif, and the 
solvait was evirated under reduced pressme. The residue was partitioned between EtOAc 
and saturated NaCL The organic phase was dried with N^04, filtered, and evaporated 
under reduced pressure. The crude product was purified by column chromatography on silica 
gel (3% 2-propanol/CH2Cl2) to give the dibenzylphosphonate (15.37 g, 73%) as a white solid. 



Example 7 

Sulfonamide 7: A sohition of dibenzylphosphonate 6 (0.21 g, 026 mmol) in CH2CI2 (0.5 
mL) at 0°C was treated with trifluoroacetic acid (0.25 mL). The solution was stirred for 30 
min at O^C and then warmed to room temperature for an additional 30 min. The reaction 
mixture was diluted with toluene and concentrated under reduced pressure. The residue was 
co-ev^rated with toluene (2 x), chloroform (2 x), and dried under vacuum to give the 
ammonium triflate salt \^ch was dissolved in CH2CI2 (3 mL) and cooled to 0°C. 
Triethylamine (0. 1 5 mL, 1 .04 mmol) was added followed by tiie treatment of 
benzenesulfonyl chloride (47 mg, 0.26 mmol). The solution was stirred for 1 h at 0°C and the 
product was partitioned between CH2CI2 and saturated NaHCOs. The organic phase was 
washed with saturated NaCl, dried with Na2S04, filtered, and evaporated under reduced 
pressure. The crude product was purified by column chromatography on silica gel (3% 2- 
propano]/CH2Ck) to give the sulfonamide 7 (0.12 g, 55%, GS 191477) as a white soKd: 
'HNMR (CDCI3) 5 7.79 (dd, 2H), 7.61-7 J6 (m, 3H), 7.38-7.36 (m, lOH). 7.13 (d, J = 8.4 Hz. 
2H), 6.81 (d. J = 8.4 Hz, 2H), 5.65 (d, J = 5.4 Hz, IH), 5.18 (m, 4H), 5.05 (m, IH), 4.93 (d, J 
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= 8.7 Hz. IHX 420 (d, J = 10.2 Hz, 2H), 4.0-3.67 (m, 7H), 3.15-2.8 (m, 7H), 1.84 (m, IH). 
1.65-1.59 (m, 2H), 0.93 (d, J = 6.6 Hz, 3H). 0.88 (d, J = 6.3 Hz, 3H); ^'P NMR (CDCI3) 5 
20.36. 

F.xain ple R 

Phosphonic Acid 8: To a solution of 7 (70 mg, 0.09 mmol) in MeOH (4 mL) was added 10% 
Pd/C (20 mg). The suspenacm was stirred under H2 atmosphere (balloon) at room 
temperature overnight Thereactionmixture was filtered llurougji a plug of celite. The 
filtrate was concentrated and dried under vacuum to give fte phosphonic acid (49 mg, 90% 
GS 191478) as a white solid: 'HNMR (CD3OD) 8 7.83 (dd,2H), 7.65-7.56 (m,3H), 7.1 8 (d, J 
= 8.4 Hz. 2H), 6.91 (d, J = 7.8 Hz. 2H), 5.59 (d, J = 5.4 Hz, IH). 4.96 (m, IH). 4.15 (d. J = 
9.9 Hz, 2H), 3.95-3.68 (m, 6H), 3.44 (dd, 2H), 3.16 (m, 2H), 2.99-2.84 (m, 4H), 2.48 (m, 
lH),2.02(m, IH). 1.6 (m, IH), 1.37 (m, IH). 0.93 (d, J = 6.3 Hz, 3H), 0.87 (d, J = 6.3 Hz, 
3H); "P NMR (CD3OD) 5 17.45. 

Sulfonamide 9: A solution of dibenzy^hosphonate 6 (0.24 g, 031 mmol) in CH2CI2 (0.5 
mL) at 0°C was treated with trifluoroacetic add (0.25 mL). The solution was stirred for 30 
min at 0°C and then warmed to room temperature for an additional 30 min. Hie reaction 

mixture was diluted with toluene and concentrated under reduced pressure. "Hie residue was 
co-evaporated with toluene (2 x), chloroform (2 x), and dried under vacuum to give the 
aimnonium triflate salt which was dissolved in CH2Cfe (3 mL) and cooled to O^C. 
Triethylamine (0.17 mL, 1 .20 mmol) was added followed by the treatment of 4- 
cyanobenzenesulfonyl chloride (61.4 mg, 0.30 mmol). The solution was stirred for 1 h at 0°C 
and flie product was partitioned between CH2CI2 and saturated NaHCOs. The organic phase 
was washed with saturated NaCl, dried with Na2S04, filtered, and evaporated under reduced 
pressure. The crude product was purified by column chromatography on silica gel (3% 2- 
propanol/CH2Cl2) to give the sulfonamide 9 (0.20 g, 77%, GS 191717) as a white solid: 'H 
NMR (CDCI3) 8 7.90 (d. J = 8.4 Hz, 2H), 7.83 (d, J = 7.8 Hz, 2H), 7.36 (m, lOH), 7.1 1 (d, J = 
8.4 Hz, 2H), 6.82 (d. J = 8.7 Hz, 2H), 5.65 (d, J = 5.4 Hz, IH), 5.2-4.9 (m, 5H), 4.8 (d, IH). 
4.2 (d, J = 9.9 Hz, 2H), 3.99 (m IH). 3.94 (m, 3H), 3.7 (m, 2H), 3.48 (broad, s, IHX 3.18- 



SUBSTITUTE SHEET (RULE 26) 



wo 2004/096818 PCT/EP2003/012423 

483 

2.78 (m. 7H). 1.87 (m, IH), 1 .66-1 .47 (m, 2H), 0.91 (d, J = 63 Hz, 3H), 0.87 (d, J = 6.3 Hz, 
3H); ^'P NMR (CDCI3) 5 20.3.. 

Example 10 

Sulfonamide 10: A solution of dibenzyljAospiionate 6 (0.23 g, 0.29 mmol) in CHaC^ (0.5 
mL) at 0°C was treated with trifluoroacetic acid (0.25 mL). The solution was stirred for 30 
min at 0°C and then warmed to room temperature for an additi<Hial 30 min. The reaction 
mixhire was diluted with toluene and concentrated under reduced pressure. The residue was 
co-ev^rated with toluene (2 x), chlorofoTm (2 x), and dried under vacuum to give the 
ammooium hiflate salt vtiiich was dissolved m CH2CI2 (3 mL) and cooled to 0°C. 
Trie%lanune (0.16 mL, 1.17 mmol) was added followed by the treatment of 4- 
trifluoromethyl benzenesulfonyl chloride (72 mg, 0.29 mmol). The solution was stiired for 1 
h at O^C and the product was partitioned between CH2CI2 and saturated NaHCCb. The 
organic phase was washed vwth saturated NaCI, dried with Na2S04, filtered, and evaporated 
under reduced pressure. The crude product was purified by column chromatogr^y on silica 
gel (3% 2-propanol/CH2Cl2) to give the sulfonamide (0.13 g, 50%, GS 191479) as a white 
soUd: »H NMR (CDCI3) 8 7.92 (d, J = 8.1 Hz, 2H), 7.81 (d. J = 8.1 Hz, 2H). 736 (m, lOH), 
7.12 (d, J = 8.4 Hz, 2H). 6.81 (d, J = 8.4 Hz, 2H), 5.65 (d, J = 5.1 Hz, IH). 5204.89 (m, 6H). 
420 (d, J = 9.9 Hz, 2H), 3.95 (m, IH), 3.86 (m, 3H), 3.71 (m. 2H), 3.19-2.78 (m, 7H), 1.86 
(m, IH). 1.65 (m, 2H), 0.93 (d, J = 6.3 Hz, 3H), 0.88 (d, J = 63 Hz. 3H); ^'P NMR (CDCI3) 5 
203. 

Example 11 

Phosphonic Acid 1 1 : To a solution of 10 (70 mg, 0.079 mmol) m MeOH (4 mL) was added 
10% Pd/C (20 mg). The suspension was stirred under H2 atmosphere (balloon) at room 
temperature overnight. The reaction mixture filtered through a plug of ceUte. The 
filtrate was concaotrated and dried under vacuum to give the phosphonic add (50 mg. 90%, 
GS 191480) as a white solid: 'H NMR (CD3OD) 5 8.03 (dd, 2H), 7.90 (dd, 2H), 7.17 (d, J = 
8.1 Hz, 2H), 6.91 (d, J = 7.8 Hz, 2H), 5.59 (d, J = 5.7 Hz, IH), 4.94 (m, IH), 4.15 (d. J = 10.2 
Hz, 2H), 3.94-3.72 (m. 6H). 3.48 (m, IH), 32-3.1 (m, 3H), 3.0-2.9 (m. 2H), 2.47 (m, IH), 
2.06 (m, IH), 1.56 (m, IH). 137 (m. IH). 0.93 (d, J = 63 Hz, 3H), 0.88 (d, J = 63 Hz, 3H); 
''PNMR(CD30D)817.5. 
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Example 12 

Sulfonamide 12: A solution of dibMizylphosphonate 6 (0.23 g, 0.29 mmol) in CH2CI2 (0.5 
mL) at was treated with triflnoioacetic acid (0.25 mL). The solvrtion was stirred for 30 
min at tf*C and then warmed to room temperature for an additional 30 min. The reaction 
mixture was diluted wifli toluene and concenbated under reduced pressure. The residue was 
co-evaporated with toluene (2 x), chloroform (2 x), and dried under vacuurh to give the 
ammonium triflate salt which was dissolved in CH2CI2 (3 mL) and cooled to 0°C. 
Triethylamine (0.16 mL, 1 .17 mmol) was added foUowed by the treatment of 4- 
fluorobenzenesulfonyl chloride (57 mg, 029 mmol). He solution was stirred for 1 h at 0°C 
and the product was partitioned between CH2CI2 and saturated NaHCOj. The organic phase 
was washed with saturated NaCl, dried with Nj^SO*, filtered, and evaporated under reduced 
pressure. The crude product was purified by cotanm chromatography on silica gel (3% 2- 
propanol/CHaCla) to give the sulfonamide (0.13 g, 55%, GS 191482) as a white solii 'h 
NMR (CDCI3) 5 7.81 (m, 2H), 7J8 (m, lOH). 724 (m, 2H), 7.12 (d. J = 8.1 Hz, 2H), 6.82 (d, 
J = 8.4 Hz, 2H), 5.65 (d, J = 5.4 Hz, IH), 5.17 (m, 4H), 5.0 (m, IH), 4.90 (d, IH), 4.20 (d, J = 
9.9 Hz, 2H), 3.97 (m. IH), 3.86 (m, 3H), 3.73 (m, 2H). 3.6 (broad, s, IH). 3.13 (m, IH), 3.03- 
2.79 (m, 6H), 1.86 (m, IH), 1 .66-1.58 (m, 2H). 0.92 (d, J = 6.6 Hz. 3H), 0.88 (d, J = 6.6 Hz, 
3H); ^'P NMR (CDCI3) 5 20.3. 

Kxamplft 1 

Phosphonic Add 13: To a solution of 12 (70 mg. 0.083 mmol) in MeOH (4 mL) was added 
10% Pd/C (20 mg). Hie suspension was stirred under H2 atmosphere (baUoon) at room 
temperature overnight. The reaction mixture was filtered through a plug of cehte. The 
filtrate was concentrated and dried under vacuum to give the phosphonic acid (49 mg, 90%, 
GS 191483) as a white solid: 'HNMR (CD3OD) 5 7.89 (m, 2H), 7.32 (m, 2H), 7.18 (d, J = 
8.4 Hz. 2H). 6.9 (d, J = 8.1 Hz. 2H), 5.59 (d, J = 5.1 Hz, IH), 4.94 (m. IH), 4.16 (d, J = 9.9 
Hz, 2H). 3.94 (m, IH), 3.85-3.7 (m, 5H), 3.43 (dd, IH), 3.15-2.87 (m. 5H), 2.48 (m. IH), 
2.03 (m. IH), 1.59-1.36 (m. 2H), 0.93 (d, J = 6.3 Hz, 3H), 0.87 (d, J = 6.3 Hz, 3H); ''P NMR 
(CD3OD) 8 17.5. 
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Ryam plft 1 4 

Sulfonamide 14: A solution of dibenzylphosphonate 6 (0.21 g, 0.26 mmol) in CH2CI2 (0.5 
mL) at O'^C was treated with trifluoioacetic acid (0.25 mL). The sohition was stiired for 30 
min at 0°C and then warmed to room temperature for an additional 30 min. The reaction 
mixture was dfluted with toluene and concentrated under reduced pressure. The residue was 
co^apoiated with toluene (2 x), chloroform (2 x), and dried under vacuum to give the 
ammonium triflate salt whidi was dissolved in CH2CI2 (3 mL) and cooled to 0°C. 
Triethylamine (0.15 mL, 1.04 mmol) was added followed by the treatment of 4- 
trifluoromethoxybenzenesulfonyl chloride (69 mg, 0,26 mmol). Hic solution was stirred for 
1 h at 0°C and the product was partitioned between CH2CI2 and saturated NaHCOj. The 
organic phase was washed with saturated NaCl, dried with Na2S04, fiheied, and evaporated 
under reduced pressure. The crude product was purified by column chromatography on siUca 
gel (3% 2-propanol/CH2Cl2) to give the sulfonamide (0.17 g, 70%, GS 191508) as a wiiite 
soUd: 'H NMR (CDCI3) S 7.84 (d, J = 9 Hz, 2H), 7.36 (m, 12H), 7.12 (d, J = 8.7 Hz, 2H), 
6.81 (d, J = 8.7 Hz, 2H), 5.65 (d, J = 5.4 Hz, IH), 5.16 (m. 4H), 5.03 (m, IH), 4.89 (d, IH), 
42 (d, J = 9.9 Hz, 2H), 3.97 (m, IH), 3.85 (m. 3H). 3.7 (m, 2H), 3.59 (broad, s, IH), 3.18 (m. 
IH). 3.1-3.0 (m,3H), 2.96-2.78 (m,3H), 1.86 (m, IH), 1.66-1.5 (m,2H), 0.93 (d. J = 6.6 Hz, 
3H). 0.88 (d, J = 6.6 Hz, 3H); 'P NMR (CDCI3) 5 203. 



Example 15 

Phosphonic Acid 15: To a solution of 14 (70 mg. 0.083 mmol) in MeOH (4 mL) was added 
10% Pd/C (20 mg). The suspension was stirred under H2 atmosphere (balloon) at room 
temperature overnight The reaction mixture was filtered through a plug of celite. The 
filtrate was concentrated and dried under vacuum to give the phosphonic acid (50 mg, 90%, 
GS 192041) as a wMte soUd: 'H NMR (CI^OD) 8 7.95 (dd, 2H), 7.49 (dd, 2H), 7.17 (dd, 
2H), 6.92 (dd, 2H), 5.58 (d, J = 5.4 Hz, IH), 4.89 (m. IH), 4.17 (d, J = 9 Hz, 2H), 3.9 (m, 
IH). 3.82-3.7 (m, 5H), 3.44 (m, IH). 3.19-2.9 (m. 5H), 2.48 (m, IH), 2.0 (m. IH), 1.6 (m, 
IH), 1 .35 (m, IH), 0.93 (d, J = 6.0 Hz, 3H), 0.88 (d, J = 6.0 Hz, 3H); ^'p NMR (CD3OD) 5 
17.4. 

Example 16 

Sulfonamide 16: A sotation of dibenzylphosphonate 6 (0.59 g, 0.76 mmol) in CH2CI2 (2.0 
mL) at O^C was treated with trifluoroacetic acid (1 .0 mL). The solution was stirred for 30 



t 
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min at 0°C and then wanned to room temperature for an additional 30 min. The reaction 
mixture was diluted with toluene and concentrated under reduced pressure. The reddue was 
co-evaporated with toluene (2 x), chlorofonn (2 x), and dried under vacuum to give the 
ammonium triflate salt which was dissolved in CH2CI2 (3 tnL) and cooled to 0°C. 
Triethylamine (0.53 mL, 3.80 mmol) was added followed by the treatment of hydrogen 
chloride sah of S-pyridinylsulfimyi chloride (0.17 g, 0.80 mmol, prepared according to 
Karaman, R. et al. J. Am. Chem. Soc. 1992, 1 14, 4889). Hie solution was stirred for 30 min 
at O'^C and warmed to room temperature for 30 min. The product was partitioned between 
CH2CI2 and Mturated NaHCOa. The organic phase was washed with saturated NaCl, dried 
withNa2S04, filtered, and evaporated under reduced pressure. The crude product was 
purified by column chromatography on siUca gel (4% 2-propanoI/CH2a2) to give the 
sulfonamide (0.50 g, 80%, GS 273805) as a white solid: 'H NMR (CDCI3) 8 9.0 (d, J = 1.5 
Hz. IH), 8.8 (dd, IH), 8.05 (d, J = 8.7 Hz. IH), 7.48 (m. IH), 7.36 (m, lOH), 7.12 (d, J = 8.4 
Hz, 2H), 6.82 (d, J = 9.0 Hz, 2H), 5.65 (d. J = 5.1 Hz, IH), 5.18 (m. 4H). 5.06 (m, IH), 4.93 
(d, IH), 4.21 (d. J = 8.4 Hz, 2H), 3.97 (m, IH), 3.86 (m, 3H), 3.74 (m. 2H), 3.2 (m, IH), 3.1- 
2.83 (m, 5H). 2.76 (m, IH), 1.88 (m, IH). 1.62 (m, 2H), 0.92 (d, J = 63 Hz, 3H), 0.88 (d, J = 
63 Hz, 3H); NMR (CDCI3) 5 203. 



F.YHTnplft 17 

Phosphonic Acid 17; To a solution of 16 (40 mg, 0.049 mmol) in MeOH (3 mL) and AcOH 
(1 mL) was added 10% Pd/C (10 mg). Hie suspension was stirred under H2 atmosphere 
(balloon) at room temperature overnight The reaction mixture was filtered through a plug of 
celite. The filtrate was concentrated and dried under vacuum to give the phosphonic add (28 
mg, 90%. GS 273845) as a white solid: ^H NMR (CD3OD) 5 8.98 (s, IH), 8.77 (broad, s, 
IH), 8.25 (dd, IH). 7.6 (m, IH), 7.15 (m, 2H), 6.90 (m, 2H), 5.6 (d, J = 5.4 Hz, IH), 4.98 (m, 
IH), 4.15 (d, 2H), 3.97-3.7 (m, 6H). 3.45-2.89 (m, 6H), 2.50 (m, IH). 2.0 (m, IH), 1.6-135 ' 
(m, 2H), 0.9 (m, 6H). 

Eyamyilft 1 k 

Sulfonamide 18: A solution of dibenzylphosphonate 6 (0.15 g, 0.19 mmol) m CH2CI2 (0.60 
mL) at O'C was treated with trifluoroacetic acid (0.30 mL). The solution was stirred for 30 
min at O^C and then warmed to room temperature for an additional 30 min. The reaction 
mixture was diluted wifli toluene and concentrated under reduced pressure. The residue was 
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co-evapprated with toluene (2 x), cblorofonn (2 x), and dried under vacuum to give the 
ammonium triflate salt which was dissolved in CH2CI2 (2 mL) and cooled to 0*^C. 
Triethylamine (0.1 1 mL, 0.76 mmol) was added followed by the treatment of 4- 
fonnylbenzenesulfonyl chloride (43 mg, 0.21 mmol). The solution was stirred for 30 min at 
0°C and wanned to room temperature for 30 mm. The product was partitioned between 
CH2CI2 and saturated NaHCOa. The organic phase was washed with saturated NaCl, dried 
withNa2S04, filtered, and evaporated under reduced pressure. The crude product was 
purified by column chromatography on silica gel (3% 2-propanol/CH2Cl2) to give the 
sulfonamide (0.13 g, 80%, GS 278114) as a white sohd: NNdR (CDCI3) 8 10.1 (s, IH), 
8.04 (d, J = 8.1 Hz, 2H), 7.94 (d, J = 8.1 Hz, 2H), 7.35 (m, lOH), 7.13 (m, J = 8.1 Hz, 2H), 
6.82 (d, J = 8.1 Hz, 2H), 5.65 (d, J = 5.4 Hz, IH), 5.17 (m, 4H), 5.06 (m, IH), 4.93 (m, IH), 
4.2 (d, J = 9.9 Hz, 2H), 3.94 (m, IH), 3.85 (m, 3H), 3.7 (m, 2H), 3.18-2.87 (m, 5H), 2.78 (m, 
IH), 1.86 (m, IH), 1.67-1.58 (m, 2H), 0.93 (d, J = 6.6 Hz, 3H), 0.88 (d, J - 6.6 Hz, 3H); ^^P 
NMR(CDCl3)520.3. 

Example 19 

Phosphonic Acid 19: To a solution of 18 (0.12 g, 0.15 mmol) in EtOAc (4 mL) was added 
10% Pd/C (20 mg). The suspension was stirred under H2 atmosphere (balloon) at room 
temperature for 6 h. Thereactionmixture was filtered through a plug of celite. The filtrate 
was concentrated and dried under vacuum to give the phosphonic acid (93 mg, 95%) as a 
white solid. 

Example 20 

Phosphonic Acids 20 and 21: Compound 19 (93 mg, 0.14 mmol) was dissolved in CH3CN 
(2 mL). 0-Bis(trimethylsilyl)acetamide (BSA, 0.28 g, 1 .4 mmol) was added. The reaction 
mixture was heated to reflux for 1 h, cooled to room temperature and concjsntrated. Tie 
residue was co-evaporated with toluene and chloroform and dried under vacuum to give a 
semi-solid which was dissolved in EtOAc (2 mL). Moipholme (60 fxL, 0.9 mmol), AcOH 
(32 nL, 0.56 mmol), and NaBHsCN (17 mg, 0.28 mmol) were added and the reaction mixture 
was stirred at room temperature overnight. The reaction was quenched with H2O, stirred for 
2 h, filtered, and concentrated. The crude product was purified by HPLC to give the 
phosphonic acid 20 (10 mg, GS 278118) as a white soUd: ^H NMR (CD3OD) 8 7.80 (d, J = 
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7.8 Hz, 2H). 7.56 (d, J = 7.5 Hz, 2H), 7.1 7 (d, J = 7.8 Hz, 2H), 6.91 (d, J = 7 J Hz, 2H), 5.59 
(d, J = 5.1 Hz, IE), 5.06 (m, IH), 4.7 (s, 2H). 4.15 (d. J = 10.2 Hz, 2H), 3.92 (m, IH), 3.82- 
3.7 (m, 5H). 3.43 (dd. IH), 3.1 1-2.89 (m, 6H), 2.50 (m, IH), 2.0 (m, IH), 1.6-135 (m, 2H), 
0.93 (d, J = 6.3 Hz. 3H). 0.88 (d. J = 6.3 Hz, 3H); ^^P NMR (CDjOD) 8 17.3. Phosphonic 
acid 21 (15 mg, GS 2781 17) as a white solid; 'H NMR (CD3OD) 5 7.8-7.7 (m, 4H), 7.20 (d, J 
= 8.4 Hz, 2H), 6.95 (d, J = 8.4 Hz. 2H), 5.62 (d. J = 5.1 Hz, IH), 5.00 (m, IH), 4.42 (s, 2H). 
4.20 (dd.2H). 3.98-3.68 (m.9H), 3.3-2.92 (m. 1 IH), 2.6 (m. lH).2.0(m, IH). 1.6(ia.2H).* 
0.92 (d, J = 6.6 Hz, 3H), 0.88 (d. J = 6.6 Hz. 3H); ^'P NMR (CD3OD) 5 16.2. 
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Example 21 



Phosphonic Acid 22: To a solution of dibraizylphosiAoDate 6 (5.00 g, 6.39 nunol) in EtOH 
(100 mL) was added 10% Pd/C (1 .4 g). Hie suspension was stiired under H2 atmosphere 
(balloon) at room temperature overnight. The reaction mixture was filtered through a plug of 
celite. The filtrate was concentrated and dried under vacuum to give flie phosphonic acid 
(3.66 g, 95%) as a white soUd 



Eyample 22 
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Diphenylphosphonate 23: A solution of 22 (3.65 g, 6.06 mmol) and phenol (5.70 g, 60.6 
mmol) in pyridine (30 mL) was heated to 70''C and 1,3-dicyclohexyIcarbodiimide (5.00 g, 
24.24 mmol) was added. The reaction mixture was stirred at 70''C for 2 h and cooled to room 
temperature. EtOAc was added and the side product 1,3-dicyclohexyl urea was filtered off. 
The filtrate was concentrated and dissolved in CH3CN (20 mL) at 0"C. The mixture was 
treated with DOWEX 50W x 8-400 ion-exchange resm and stined for 30 min at O'C. The 
resin was filtered off and the filtrate was concentrated. The crude product was purified by 
column diromatography on silica gel (3% 2-propanol/CH2Cl2) to give tiie 
diphaayljAosphonate (2.74 g, 60%) as a \iAite soUd. 

Example 23 

Monpphosphonic Acid 24: To a sohition of 23 (2.74 g, 3.63 mmol) in CH3CN (40 mL) at 
(fC was added 1 N NaOH (9.07 mL. 9.07 mmol). The reaction mixture was stirred at O'C for 
1 k DOWEX SOW X 8-400 ion-exchange resin was added and the reaction mixture was 
stirred fiw 30 min at QPC. The resin was filtered off and the filtrate was concentrated and co- 
evaporated with toluene. The crude product was triturated with EtOAc/hexane (1/2) to give 
the monopbosphonic acid (2.34 g, 95%) as a white solid. 

* 

Example 24 

Monophospholactate 25: A solution of 24 (2.00 g, 2.95 mmol) and ethyl-(S)-(.>Iactate (134 
mL, 1 1 .80 mmol) in pyridine (20 mL) was heated to 70-C and 1,3-dicyclohexyIcarbodiimide 
(2.43 g, 11 .80 mmol) was added. The reaction mixture was stined at 70'*C fra- 2 h and cooled 
to room temperature. The solvent was removed under reduced pressure. The residue was 
suspended in EtOAc and l>dicyclohexyl urea was filtered o£E The product was partitioned 
between EtOAc and 0.2 N HCl. The EtOAc layer was washed with 02 N HCl, H2O, 
saturated NaCl, dried with Na2S04, filtered, and concentrated. The crude product was 
purified by column chromatography on silica gel (3% 2-propanoyCH2Cl2) to give the 
monoiAospholactate (1 .38 g, 60%) as a vAate solid. 

Example 25 

Monophospholactate 26: A solution of 25 (0.37 g, 0.48 mmol) m CH2CI2 (0.80 mL) at 0*C 
was treated with trifluoroacetic acid (0.40 mL). The solution was stirred for 30 min at 0°C 
and then warmed to room temperature for an additional 30 min. The reaction mixture was 
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diluted with toluene and concentrated under reduced pressure. The residue was co- 
evaporated with toluene (2 x), chloroform (2 x), and dried under vacuum to give the 
ammonium triflate salt which was dissolved m CH2CI2 (3 mL) and cooled to 0°C. 
Triethylamine (027 mL, 1.92 mmol) was added Mowed by the treatment of 
benzenesulfonyl chloride (84 mg, 0.48 mmoi). The solution was stirred for 30 min at OT 
and then warmed to room temperature for 30 min. The product was partitioned between 
CH2CI2 and 0.2 N HCL The organic phase was washed with saturated NaCl, dried with 
Na2S04, filtered, and evaporated under reduced pressure. The crude product was purified by 
column chrom^ography on siKca gel (3% 2-propanol/CH2Cl2) to give the 
monophoi5)holacstate (0.33 g, 85%, GS 192779, 1:1 dlastereomeric mixture) as a white solid: 
•h NMR (CDCI3) 5 7.78 (dd, 2H), 7.59 (m, 3H), 7 J8-7. 1 8 (m, 7H), 6.93 (dd, 2H), 5.66 (m, 
IH), 5.1 8-4.93 (m, 3H), 4.56-4.4 (m. 2H), 4.2 (m, 2H), 4.1-3.7 (m, 6H), 3.17 (m, IH). 3.02- 
2.8 (m, 6H), 1.84 (m, IH), 1.82-1.5 (m. 5H), 1.27 (m, 3H). 0.93 (d, J = 6.3 Hz, 3H), 0.88 (d, J 
= 6.3 Hz, 3H); ^'P NMR (CDQa) 5 17.4, 153. 

pyample 7fi 

Monophospholactate 27: A solution of 25 (0.50 g, 0.64 mmol) in CH2CI2 (1 .0 mL) at 0"*C 
was treated with tiifluoroacetic add (0.5 mL). The solution was stirred for 30 min at 0"C and 
then wanned to room temperature for an additional 30 min. The reaction mixture was diluted 
with toluene and concentrated under reduced pressure. The residue was co-evaporated with 
toluene (2 x), chlorofiMm (2 x), and dried under vacuum to give 4e ammonium triflate salt 
which was dissolved in CH2CI2 (4 mL) and cooled to OX. Triethylamine (0.36 mL, 2.56 
mmol) was added followed by die treatment of 4-fluorobenzenesuIfonyl chloride (0.13 g, 
0.64 mmol). The solution was stirred for 30 mm at 0°C and flien warmed to room 
temperature for 30 min. The product was partitioned between CH2Cia and 0.2 N HCL The 
organic phase was washed with saturated NaCl, dried with NajSO*, filtered, and evaporated 
under reduced pressure. The crude product was purified by column chromatognq)hy on silica 
gel (3% 2-propanol/CIfcCl2) to give the monophospholactate (0.44 g, 81%, GS 192776, 3/2 
dlastereomeric mixture) as a white solid: 'H NMR (CDCI3) 5 7.80 (m, 2H), 7.38-7.15 (m, 
9H), 6.92 (m, 2H), 5.66 (m, IH), 5.2-4.9 (m, 3H), 4.57-4.4 (m, 2H), 4.2 (m, 2H), 4.1-3.7 (m, 
6H), 3.6 (broad, s, IH). 3.17 (m, IH), 3.02-2.75 (m, 6H), 1.85 (m, IH), 1.7-1.5 (m, 5H). 1.26 
(m, 3H), 0.93 (d, J = 6.3 Hz, 3H), 0.88 (d, J = 6.3 Hz, 3H); "P NMR (CDCI3) 8 1 7.3, 15.2. 
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Example 27 

Monophosphplactate 28: A solution of 25 (0.50 g, 0,64 mmol) in CH2CI2 (1.0 mL) at 0**C 
was treated with trifluoroacetic acid (0.5 mL). The solution was stirred for 30 min at 0°C and 
then warmed to room temperature for an additional 30 min. The reaction mixture was diluted 
with toluene and concentrated under reduced pressure. The residue was co-evapoxated with 
toluene (2 x), chloroform (2 x), and dried xmder vacuum to give the ammonium triflate salt 
vMch was dissolved in CH2a2 (3 mL) and cooled to 0°C. Triethylamine (0.45 mL, 3.20 
mmof) was added followed by tiie treatment of hydrogen chloride salt of 3-pyridinylsulfonyl 
chloride (0.14 g, 0.65 mmol). The solution was stirred for 30 min at O'^C and then warmed to 
room temperature for 30 min. The product was partitioned between CH2CI2 and H2O. The 
organic phase was washed with saturated NaCl^ dried witii Na2S04, filtered, and evaporated 
under reduced pressure. The crude product was purified by column chromatography on silica 
gel (4% 2-propanoyCH2Cl2) to give the monophospholactate (0.41 g, 79%, GS 273806, 1:1 
diastereomeric mixture) as a white solid: NMR (CDCI3) 5 9.0 (s, IH), 8.83 (dd, IH), 8.06 
(d, J = 7.8 Hz, IH), 7.5 (m, IH), 7.38-7.15 (m, 7H), 6.92 (m, 2H), 5.66 (m, IH), 5.18-4.95 
(m, 3H), 4.6-4.41 (m, 2H), 42 (m; 2H), 4.0 (m, IH), 3.95-3.76 (m, 6H), 3.23-2.8 (m, 7H), 
1.88 (m, IH), 1.7-1.5 (m, 5H), 126 (m, 3H), 0.93 (d, J = 6.6 Hz, 3H), 0.83 (d, J = 6.6 Hz, 
3H); NMR (CDClj) S 17.3, 15 J. 

Example 28 

Monophospholactate 29: A solution of compound 28 (0.82 g, 1 .00 mmol) in CH2CI2 (8 mL) 
at 0°C was treated with wCPBA (1 .25 eq). The solution was stirred for 1 h at O'^C and flien 
warmed to room temperature for an additional 6 h. The reaction mixture was partitioned 
between CH2CI2 and saturated NaHCOa. The organic phase was washed with saturated 
NaCl, dried with Na2S04, filtered, and evaporated under reduced pressure. The crude 
product was purified by column chromatography on silica gel (10% 2-propanol/CH2Cl2) to 
give tiie monophospholactate (0.59 g, 70%, GS 273851, 1:1 diastereomeric mixture) as a 
white solid: *H NMR (CDCI3) 8 8.63 (dd, IH), 8.3 (dd, IH), 7.57 (m, IH), 7.44 (m, IH), 
7.38-7.13 (m, 7H), 6.92 (m, 2H), 5.66 (m, IH), 5.2-5.05 (m, 2H), 4.57-4.4 (m, 2H), 4.2 (m, 
2H), 4.0-3.73 (m, 6H), 3.2 (m, 2H), 3.0 (m, 4H), 2.77 (m, IH), 1.92 (m, IH), 1.7-1.49 (m, 
5H), 126 (m, 3H), 0.91 (m, 6H); NMR (CDCI3) 5 17.3, 15.3. 
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Example 29 

Monophospholactate 30: A solution of compound 28 (71 mg, 0.087 mmol) in CHCI3 (1 mL) 
was Ireated with MeOTf (1 8 mg, 0. 1 1 mmol). The solution was stiixed at room temperature 
f<Mr 1 h. The reaction mixture was concentrated and co-evaporated wifli toluoie (2 x), CHCI3 
(2 x) and dried under vacuum to give the monc^hospholactate (81 mg, 95%, GS 273813, 1:1 
diasterewneric mixture ) as a ^ndiite soUd: 'h NMR (CDCi3) 8 9.0 (dd, IH), 8.76 (m, 2H), 8.1 
(m, IH), 7J5-7.1 (m, 7H), 6.89 (m, 2H), 5.64 (m, IH), 525-5.0 (m, 3H), 4.6-4.41 (m. 5H). 
42 (m, 2H), 3.92-3.72 (m, 6H), 3.28 (m, 2H). 3.04-2.85 (m, 3H), 2.62 (m, IH), 1.97 (m. IH). 
1.62-1.5 (m, 5H), 1 .25 (m. SH), 0.97 (m, 6H); ^'P NMR (CDCI3) 6 17.4, 15.4. 

Example 30 

Dibenzylphosphonate 31: A solution of compound 16 (0.15 g, 0.18 mmol) in CHCI3 (2 mL) 
was treated with MeOTf (37 mg, 0.23 mmol). The solution was stmed at room temperature 
for 2 L The reaction mixture was concentrated and co-evqrarated with toluene (2 x), CHCI3 
(2 x) and dried under vacuum to give the dibenzylphosphonate (0.17 g, 95%, GS 273812) as 
a white solid: 'HNMR (CDCI3) 8 9.0 (dd, IH), 8.73 (m, 2H), 8.09 (m, IH), 7.35 (m, lOH), 
7.09 (d, J = 8.4 Hz, 2H), 6.79 (d, J = 8.1 Hz, 2H). 5.61 (d, J = 4.2 Hz, IH). 52-4.96 (m, 6H), 
4.54 (s. 3H), 42 (dd, 2H), 3.92-3.69 (m, 6H), 3.3 (m, 2H), 3.04-2.6 (m, 5H). 1.97 (m, IH), 
1.6 (m, 2H), 0.98 (m, 6H); ^^P NMR (CDCI3) 6 20.4. 

Example 31 

Dibenzylphosphonate 32: A solution of compound 16 (0.15 g, 0.18 mmol) mCH2Cl2 (3 mL) 
at 0°C was treated with mCPBA (1 25 eq). The solution was stirred for 1 h at ©"C and then 
wanned to room temperature overnight. The reaction mixture was partitioned between 10% 
2-propanol/CH2Cl2 and saturated NaHCOs. The organic phase was washed wifli saturated 
NaCl, dried with Na2S04, filtered, and evaporated undo: reduced pressure. The crude 
product was purified by column chromatography on silica gel (10% 2-propanol/CH2Cl2) to 
give Ae dibenzylphosphonate (O.I 1 g, 70%, GS 277774) as a vtiiite solid: 'H NMR (CDCI3) 
8 8.64 (m, IH), 827 (d, J = 6.9 Hz. IH), 7.57 (d. J = 8.4 Hz, 1 H), 7.36 (m, 1 IH), 7. 1 0 (d, J = 
8.4 Hz. 2H), 6.81 (d, J = 8.7 Hz, 2H). 5.65 (d, J = 5.4 Hz, IH), 5.22-5.02 (m, 6H), 421 (dd, 
2H), 3.99-3.65 (m. 6H), 32 (m, 2H), 3.03-2.73 (m, 5H), 1.90 (m, IH). 1.66-1.56 (m. 2H). 
0.91 (m. 6H); ''P NMR (CDCI3) 8 20.3. 
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Example 32 

Phosphonic Acid 33: To a solution of dibenzylphosphonate 32 (0.1 g, 0.12 mmol) in MeOH 
(4 mL) was added 10% Pd/C (20 mg). The suspension was stined under Hj atmosphere 
(balloon) at room temperature for 1 h. The reaction mixture was filtered through a plug of 
ceiite. The filtrate was concartrated and purified by HPLC to give the phosphonic acid (1 7 
mg, GS 277775) as a white solid: 'H NMR (CD3OD) 5 8.68 (s, IH), 8.47 (d, J = 6.0 Hz, IH), 
7.92 (d, J = 7.8 Hz, IH), 7.68 (m, IH), 7.14 (m, 2H), 6.90 (d, J = 7.8 Hz, 2H). 5.58 (d, J = 5.4 
Hz, IH), 5.00 (m, IH), 4.08 (d, J = 9.9 Hz, 2H), 3.93-3.69 (ro, 6H), 3.4-2.9 (m, 7H). 2.5 (m, 
IH), 2.04 (m, IH), 1.6-135 (m, 2H), 0.92 (m. 6H); ^'P NMR (CD3OD) 5 1 5.8. 

Example 33 

Monophospholactate 34: A solution of 25 (2.50 g, 3.21 mmol) in CH2CI2 (5.0 mL) at 0*'C 
was treated with trifluoroacetic acid (2 J mL). The solution was stirred for 30 min at 0°C and 
then warmed to room temperature for an additional 30 min. The reaction mixture was dfluted 
widi toiuCTie and concentrated under reduced pressure. The residue was co-evaporated with 
toluene (2 x), chloroform (2 x), and dried under vacuum to give the ammonium triflate salt 
which was dissolved in CH2CI2 (30 mL) and cooled to 0°C. Triefliylamine (1.79 mL, 12.84 
mmol) was added followed by the treatment of 4-formylbenzenesulfonyl chloride (0.72 g, 
3.53.mmol) and the solution was stirred at OX for 1 h. The product was partitioned between 
CH2CI2 and 5% HCl. The organic phase was washed with H2O, saturated NaCl, dried widi 
N%S04, ffltered, and evaporated under reduced pressure. The crude product was purified by 
column chromatography on silica gel (3% 2-propanol/CH2Cl2) to give the 
monophospholactate (2.1 1 g, 77%, GS 278052, 1:1 diastereomeiic mixture) as a white soUd: 
'H NMR (CDCI3) 5 10.12 (s, IH), 8.05 (d, J = 8.7 Hz, 2H), 7.95 (d, J = 7.5 Hz, 2H), 7.38- 
7.15 (m, 7H), 6.94 (m, 2H), 5.67 (m, IH), 5.18-4.91 (m, 3H), 4.57-4.4 (m. 2H), 4.2 (m, 2H), 
4.0-3.69 (m, 6H), 3.57 (broad, s, IH), 3.19-2.8 (m, 7H), 1.87 (m, IH), 1.69-1.48 (m, 5H). 
1 .25 (m, 3H). 0.93 (d, J = 6.3 Hz, 3H), 0.88 (d, J = 6.3 Hz, 3H); '"P NMR (CDCI3) 6 1 7.3. 
152. 

Example 34 

Monophospholactate 35: A solution of 34 (0.60 g, 0.71 mmol) and morpholine (0.31 mL, 
3.54 mmol) in EtOAc (8 mL) was treated with HOAc (0. 1 6 mL, 2.83 mmol) and NaBH3CN 
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(89 mg, 1 .42 mmol). The reaction mixtuie was stined at room temperature for 4 h. The 
product was partitioned between EtOAc and H2O. The organic phase was washed with brine, 
dried with N^S04, filtered, and concentrated. The crude product was purified by column 
chromatography on siUca gel (6% 2-prppanol/CH2Cl2) to give the monophospholactate (0.46 
g, 70%, GS 278115, 1:1 diasto^eomeric mixture) as a v^diite solid: 'H NMR (CDCI3) 5 7.74 
(d, J = 8.4 Hz. 2H), 7.52 (d, J = 8.4 Hz, 2H), 7.38-7.15 (m, 7H), 6.92 (m. 2H), 5.66 (m, IH). 
5.2-5.0 (m, 2H), 4.57-4.4 (m, 2H), 4.2 (m, 2H). 3.97-3.57 (m, 12H). 3.2-2.78 (m, 7H). 2.46 
(broad, s, 4H), 1.87 (m, IH), 1.64-1.5 (m, 5H), 1.25 (m, 3H). 0.93 (d, J = 6.3 Hz, 3H), 0.88 
(d, J = 6.3 Hz, 3H); ^'P NMR (CDCI3) 8 173, 15.3. 

Monophospholactate 37: A solution of 25 (0.50 g, 0.64 mmol) in CHaCfc (2.0 mL) at O^C 
was treated wi& trifluoroacetic acid (1 mL). The solution was stined for 30 min at CC and 
then warmed to room temperature for an additional 30 min. The reaction mixture was diluted 
with toluene and concentrated under reduced pressure. The residue was co-evaporated with 
toluene (2 x), chlorofonn (2 x), and dried under vacuum to give Ihe ammonium liiflate salt 
which was dissolved in CH2CI2 (3 mL) and cooled to 0°C. Trielhylamine (0.45 mL, 3.20 
mmol) was added foUowed by ttie treatment of 4-baizyloxyben2enesulfonyl chloride (0. 1 8 & 
0.64 mmol, prepared accardmg to Toja, E. et aL Eur. J. Med. Chem. 1991, 26, 403). The 
solution was stirred for 30 min at 0°C and ftrai wanned to room temperature for 30 min. The 
product was partitioned between CH2a2 and 0.1 N HCL ITie organic phase was washed with 
saturated NaCl, dried with Na2S04, filtered, and concentrated. The crude product was 
purified by column chromatography on siUca gel (4% 2-propanoyCH2Cfc) to give the 
monophospholactate (0.51 g, 85%) as a white solid. 

Example 36 

Monophospholactate 38: To a solution of 37 (0.48 g, 0.52 mmol) m EtOH (15 mL) was 
added 10% Pd/C (0.10 g). The suspension was stirred under H2 atmosphere (balloon) at 
room tonperature overnight. The reaction mixture was filtered through a plug of celite. The 
filtrate was concentrated and the crude product was purified by column chromatography on 
silica gel (5% 2-propanol/CH2Cl2) to give die monophospholactate (0.38 g, 88%, GS 273838, 
1:1 diastereomeric mixture) as a vrhhe soUd: 'H NMR (CDCI3) 8 8.86 (dd, IE), 7.42-7.25 
(m, 9H), 6.91 (m, 4H). 5.73 (d, J = 5.1 Hz. IH), 5.42 (m, IH), 5.18 (m. 2H), 4.76-4.31 (m. 
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2H), 4.22 (m, 2H), 4.12-3.75 (m, dH), 3.63 (broad, s, IH), 3.13 (m, 3H), 2.87 (m, IH), 2.63 
(m. IH), 2.4 (m. IH), 2.05 (m, 2H), 1.9 (m, IH). 1.8(m. IH), 1.6 (m, 3H), 1.25 (m, 3H), 0.95 
(d, J = 6.6 Hz, 3H), 0.85 (d, J = 6.6 Hz, 3H); NMR (CDCI3) 5 17.1, 1 5.7. 

Example 37 

Monophospholactate 40: A solution of 25 (0.75 g, 0.96 mmol) in CH2CI2 (2.0 mL) at 0*C 
was treated with trifluoroacetic acid (1 mL), The solution was stirred for 30 min at 0°C and 
then wanned to room temperature for an additional 30 min. The reaction mixture was dihited 
with toluene and concentrated under reduced pressure. The residue was co-evaporated with 
toluene (2 x), chloroform (2 x), and dried under vacuum to give the ammonium inflate salt 
which was dissolved in CH2CI2 (4 mL) and cooled to 0°C. Triethylamine (0.67 mL, 4.80 
mmol) was added followed by the treatment of 4-(4'-benzyloxycaibonyl 
piperazinyl)benzenesulfonyl chloride (0.48 g, 122 mmol, prepared according to Toja, E. et 
al. Arznehn. Forsch. 1994, 44, 501). The solution was stirred at 0»C for 1 h and then wanned 
to room temperature for 30 min. The product was partitioned between 10% 2- 
propanol/CH2Cl2 and 0.1 N HCl. The organic phase was washed with saturated NaCI, dried 
with Na2S04, filtered, and concentrated. The crade product was purified by column 
chromatography on sifica gel (3% 2-propanol/CH2Cl2) to give the monophospholactate (0.63 
g, 60%) as a white solid. 

Example 38 

Monophospholactate 41: To a solution of 40 (0.62 g, 0.60 mmol) in MeOH (8 mL) and 
EtOAc (2 mL) was added 10% Pd/C (0.20 g). The suspension was stirred under H2 
atmosphere (balloon) at room temperature overnight. The reaction mixture was filtered 
through a plug of ceUte. The filtrate was treated with 1 .2 equivalent of TFA, co-evaporated 
with CHCI3 and dried under vacuum to give the monophospholactate (0.55 g, 90%) as a 
white solid. 



Example 39 

Monophospholactate 42: A soluUon of 41 (0.54 g, 0.53 mmol) and fonnaldehyde (0.16 mL, 
5.30 mmol) in EtOAc (10 mL) was treated with HOAc (030 mL, 5.30 mmol) and NaBHsCN 
(0.33 g, 5.30 mmol). The reaction mixture was stirred at room temperature overnight The 
product vras partitioned between EtOAc and H2O. The organic phase was washed with brine, 
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dried with Na2S04, filtered, and concentrated. The crude product was purified by column 
chromatography on silica gel (6% 2-propanol/CH2Cl2) to give the monophospholactate (97,2 
mg, 20%, GS 277937, 1:1 diasteeomeric mixture) as a white solid: ^HNMR (CDCI3) 5 7.64 
(d, J = 9.0 Hz, 2H), 738-7,17 (m, 7H), 6.95-6.88 (m, 4H), 5.67 (m, IH), 5.2-4.96 (m, 2H), 
4.574.4 (m, 2H), 4.2 (m, 2H), 3.97-3.64 (m, 8H), 3.49-3.37 (m, 4H), 3.05^2.78 (m, 12H), 
1.88-1.62 (m, 3H), 1.58 (m, 3H), 1.25 (m, 3H), 0.93 (d, J - 6.3 Hz, 3H), 0.88 (d, J = 6.3 Hz, 
3H); ^^P NMR (CDCI3) S 17.3, 15.3. 

Example 40 

Monophospholactate 45: A solution of 43 (0.12 g, 0.16 mmol) and lactate 44 (0.22 g, 1.02 
mmol) m pyridine (1 mL) was heated to 70°C and 1,3-dicyclohexylcaibodiimide (0.17 g, 0.83 
mmol) was added. The reaction nuxture was stirred at 70^C for 4 h and cooled 
temperature. The solvent was removed under reduced pressure. The residue was suspended 
in EtOAc and 1,3-dicyclohexyl urea was filtered oflF. The product was partitioned between 
EtOAc and 0.2 N HCL The EtOAc layer was washed with 0.2 N HCl, H2O, saturated NaCl, 
dried with Na2S04, filtered, and concentrated. The crude product was purified by column 
chromatography on silica gel (3% 2-propano]/CH2Cl2) to give the monophospholactate (45 
mg, 26%) as a white solid. 

Example 41 

Alcohol 46: To a solution of 45 (40 mg, 0.042 mmol) in EtOAc (2 mL) was added 20% 
Pd(0H)2/C (10 mg). The suspension was stirred under H2 atmosphere (balloon) at room 
temperature for 3 h. The reaction mbcture was filtered through a plug of celite. The filtrate 
was concentrated and the product was dried under vacuum to give the alcohol (33 mg, 90%, 
GS 278809, 3/2 diastereomeric mixture) as a white solid: NMR (CDCI3) 5 7.72 (d, J = 8.7 
Hz, 2H), 7.39-7.15 (m, 7H), 7.02-6.88 (m, 4H), 5.66 (d, J = 4.5 Hz, IH), 5.13-5.02 (m, 2H), 
4.54.4.10 (m, 4H), 4.00-3.69 (m, IIH), 3.14 (m, IH), 3.02-2.77 (m, 6HX 1.85-1.6 (m, 6H), 
0.94 (d, J = 6.3 Hz, 3H), 0.89 (d, J = 6.3 Hz, 3H); ^^P NMR (CDCI3) 5 1 7.4, 15.9. 
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Scheme 13 
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Scheme 15 



29 



H 5" 

Esterase, PBS buffer o' 



5^ 57 'Ox^ 




CH3CN / DMSO. 40?C' 

Z. / II I 

Gszrrm A 



CO2H 



H °" 



35 Esterase. PBS buffer C), J « =.^0^\>^ L A 
CH3CN / DMSO, 40*>C^ - >tf^^ 



GS 278116 



34 NaBH, 




THF/H20(9/1) V^-'^ O ^ 



59 -o'' X > 

GS 278503 J — 

COaEt 

H 9" 



Esterase. PBS buffer /^•^''^y'^^^'^^'^^S'A / 
CH3CN / DMSO, 40"^ O 



U o o 

O^ 60 K^^^ 



OH 

GS 278764 



C02H 

Example 42 

Monobenzylphosphonate 47: A solution of 6 (2.00 g, 2.55 mmol) and DABCO (0.29 g, 2.55 
mmol) in toluene (1 0 mL) was heated to reflux for 2 L The solvent was evqxnated under 
reduced pressure. The residue was partitioned between EtOAc and 02 N HCl. The EtOAc 
layer was wajshed with H2O, saturated NaCl, dried withNajSO*, filtered, and concentrated. 
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The crude product was dried under vacuum to give the monobenqrlphosphonate (1 .68 g, 
95%) as a white solid. 



Example 43 

Monophospholactate 48: To a solution of 47 (2.5 g. 3.61 mmol) and benzyl.(SH->Iactate 
(0.87 mL, 5.42 nunol) in DMF (12 mL) was added PyBop (2.82 g, 5.42 mmol) and N,N- 
diisopropylefhylamine (2.51 mL, 14.44 mmol). The reaction mixture was stirred at room 
temperature for 3 h and concentrated. The residue was partitioned between EtOAc and 0.2 N 
HCl. The EtOAc layer was washed with H20, saturated NaCl, dried with Na2S04, filtered, 
and concentrated. The crude product was purified by column chromatogr^hy on siUca gel 
(3% 2-i»opanol/CH2Cl2) to give the monophospholactate (IJ8 g, 51%) as a white solid. 

Example 44 

Monophospholactate 49: A solution of 48 (0.30 g, 035 mmol) in CH2CI2 (0.6 mL) at 0°C 
was treated with trifluoroacetic acid (0.3 mL). The solution was stirred for 30 mm at 0*C and 
then wanned to room temperature for an additional 30 min. The reaction mixture was diluted 
with toluene and concentrated under reduced pressure. Tbs residue was co-evaporated with 
toluene (2 x), chlorofotm (2 x), and dried under vacuum to give the ammomum triflale salt 
which was dissolved in CH2CI2 (2 mL) and cooled to 0°C. Trielhylamine (0.20 mL, 1.40 
BBmol) was added foUowed by die treatment of benzenesulfonyl chloride (62 mg, 0.35 mmol). 
The solution was stirred at 0°C for 30 mm and then wanned to room temperature for 30 mm. 
The product was partitioned between CH2CI2 and 0. 1 N HCl. The organic phase was washed 
with saturated NaCl, dried with NaaSO*. filtered, and concentrated. The crude product was 
purified by column chromatography on silica gel (3% 2-propanol/CH2Cl2) to give the 
monophospholactate (0. 1 7 g, 53%) as a white solid. 



Example 45 

Metabolite X 50: To a solution of 49 (80 mg, 0.09 mmol) m EtOH (6 mL) and EtOAc (2 
mL) was added 1 0% Pd'C (20 mg). Ite suspension was stirred under H2 atmosphere 
(baUoon) at room temperature for 8 h. The reaction mixhire was filtered through a plug of 
ceKte. Hie filtrate was concentrated, co-evaporated with CHCI3 and dried under vacuum to 
give the metaboUte X (61 mg, 95%, GS 224342) as a white soUd: 'H NMR (CD3OD) 6 7.83 
(d, J = 6.9 Hz, 2H), 7.65-7.58 (m, 3H), 7.18 (d, J = 7.8 Hz, 2H), 6.90 (d, J = 7.8 Hz, 2H). 5.59 
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(d, J = 4.8 Hz, IH), 5.0 (m, IH). 427 (d. J = 10.2 Hz. 2H), 3.95-3.68 (m, 6H), 3.45 (dd, IH), 
3.18-2.84 (m, 6H),2.50(m, 1H),2.02 (m, IH), 1.6-138 (in,5H),0.93 (d, J = 63 Hz, 3H), ' 
0.88 (d, J = 63 Hz, 3H); ^'p NMR (CD3OD), 5 18.0. 

Example 46 

Monqphospholactate 51 : A solution of 48 (028 g, 033 mmol) in CH2CI2 (0.6 mL) at O^C 
was treated with trifluoroacetic acid (0.3 mL). Hie solutiQii was stiired for 30 min at O'^C and 
tben wanned to room temperature for an additional 30 min. The reaction mixture was diluted 
with toluene and concentrated under reduced pressure. Tie residue was co-ev^rated with 
toluene (2 x), chlorofonn (2 x). and dried under vacuum to give the ammonium triflate salt 
which was dissolved in CHjCfc (2 mL) and cooled to 0»C. Triethylamine (0.18 mL. 1.32 
mmol) was added foUowed by the treatment of 4-fluaioben2enesulfonyl chloride (64 mg, 
0.33 mmol). the solution was stirred at OX for 30 min and then wanned to room 
temperature for 30 min. The product was partitioned between CHjCh and 0.1 N HCl. The 
organic phase was washed with saturated NaCl, dried with Na2S04, filtered, and 
concentrated. The crude product was purified by column chromatography on silica gel (3% 
2-propanoyCH2Cl2) to give the monophospholactate (0.16 g, 52%) as a white solid. 

Example 47 

Metabolite X 52: To a sohaion of 51 (80 mg, 0.09 mmol) in EtOH (6 mL) and EtOAc (2 
mL) was added 10% Pd/C (20 mg). The suspension was stirred under H2 atmosphere 
(balloon) at room temperature for 8 h. The reaction mixture was filtered tiirough a phig of 
celite. The filtrate was concentrated, co-evapoiated with CHCI3 and dried under vacuum to 
give the metaboUte X (61 mg, 95%, GS 224343) as a white solid: 'H NMR (CD3OD) S 7.9 
(dd, 2H). 7.32 (n^ 2H), 7.18 (d4 2H), 6.90 (dd, 2H), 5.59 (d, J = 5.4 Hz, IH). 5.0 (m, IH), 
4.28 (d, J = 1 0.2 Hz. 2HX 3.95-3.72 (m, 6H). 3.44 (dd. IH), 3.15-2.85 (m, 6H), 2.5 (L, IH), 
2.02 (m. IH), 1 .55-138 (m, 5H). 0.93 (d. J = 6.3 Hz. 3H). 0.88 (d, J = 6.3 Hz. 3H). ^'P NMR 
(CD3OD) 8 182. 

Example 48 

Monophospholactate 53: A solution of 48 (0.20 g. 0.24 mmol) in CH2CI2 (0.6 mL) at O^C 
was treated with trifluoroacetic acid (0.3 mL). The solution was stined for 30 min at O^^C and 
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then wanned to room temperature for an additional 30 min. The reaction mixture was diluted 
with toluene and concentrated under reduced pressure. Hie residue was co-evaporated with 
toluene (2 x), chloroform (2 x), and dried under vacuum to give the ammonium triflate salt 
which was dissolved in CH2CI2 (2 mL) and cooled to O^C. Triethylamine (0. 16 mL, 1 .20 
mmol) was added followed by the treatment of hydrogen chloride salt of 3-pyridinysulfonyl 
chloride (50 mg, 0.24 mmol). The solution was stirred at 0°C for 30 min and then warmed to 
room temperature for 30 min. The product was partitioned between CH2CI2 and H2O. The 
organic phase was washed with saturated NaCl, dried with Na2S04, fUtered, and 
concentrated. The crude product was purified by column chromatography on silica gel (4% 
2-propanol/CH2Cl2) to give the monophospholactate (0.11 g, 53%) as a white solid. 

Example 49 

Metabolite X 54: To a solution of 53 (70 mg, 0.09 mmol) in EtOH (5 mL) was added 10% 
Pd/C (20 mg). The suspension was stirred under H2 atmosphere (balloon) at room 
temperature for 5 h. The reaction mixture was filtered through a plug of celite. The filtrate 
was concentrated, co-evaporated with CHCI3 and dried under vacuum to give the metabolite 
X (53 mg, 95%, GS 273834) as a white solid: NMR (CD3OD) 5 8.99 (s, IH), 8.79 (d, J = 
4.2 Hz, IH), 8.29 (d, J = 7.5 Hz, IH), 7,7 (m, IH), 7.15 (d, J = 8.4 Hz, 2H), 6.9 (d, J = 7.8 Hz, 
2H), 5.59 (d, J - 5.4 Hz, IH), 5.0 (m, IH), 4.28 (d, J = 9.9 Hz, 2H), 3.97-3.70 (m, 6H), 3.44 
(d4 IH), 3.17-2.85 (m, 6H), 2.5 (m, IH), 2.03 (m, IH), L65-1.38 (m, 5H), 0.93 (d, J - 63 
Hz, 3H), 0.88 (d, J = 6.3 Hz, 3H). ^^P NMR (CD3OD) 8 17.8. 

Example 50 

Monophospholactate 55: A solution of 48 (0.15 g, 0.18 mmol) in CH2CI2 (1 mL) at O'^C was 
treated with trifluoroacetic acid (0.5 mL). The solution was stkred for 30 min at 0°C and 
then warmed to room temperature for an additional 30 min. The reaction mixture was diluted 
with toluene and concentrated under reduced pressure. The residue was co-evaporated with 
toluene (2 x), chloroform (2 x), and dried under vacuum to give the ammonium triflate salt 
which was dissolved m CH2CI2 (2 mL) and cooled to O^'C. Triethylamine (0.12 mL, 0.88 
mmol) was added followed by the treatment of 4-benzyloxyben2enesulfonyl chloride (50 mg, 
0.18 mmol). The solution was stirred at 0°C for 30 min and then warmed to room 
temperature for 30 min. The product was partitioned between CH2CI2 and 0.1 N HCL The 
organic phase was washed with saturated NaCl, dried with Na2S04, filtered, and 
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concentrated. The crude product was purified by column duomatogrq>hy on silica gel (3% 
2-prbpanol/CH2Cl2) to give the monophospholactate (0.1 1 g, 63%) as a white solid. 

Example 51 

MetaboEte X 56: To a solution of 55 (70 mg, 0.07 mmol) in EtOH (4 mL) was added 10% 
Pd/C (20 mg). The suspension was stirred under H2 atmosphere (balloon) at room 
temperature for 4 h. The reaction mixture was fBtered flirough a plug of celite. The filtrate 
was concentrated, co-evaporated with CHCI3 and dried under vacuum to give the metabolite 
X (46 mg, 90%, GS 273847) as a white soKd: 'H NMR (CD3OD), 8 7.91 (s, IH), 7.65 (d, J = 
8.4 Hz. 2H). 7.17 (d, J = 8.1 Hz, 2H), 6.91 (m, 4H), 5.59 (d. J = 5.1 Hz. IH), 5.0 (m, IH), 
4.27 (d, J = 10.2 Hz, 2H). 3.97-3.74 (m, 6H), 3.4 (dd, IH), 3.1 7-2.8 (m, 6H), 2.5 (m, IH), 2.0 
(m. IH). 1.6-1.38 (m, 5H), 0.93 (d, J = 63 Hz, 3H), 0.88 (d, J = 6.3 Hz, 3H); ^'P NMR 
(CD3OD) 6 17.9. 

Example 52 

MetaboUte X 57: To a suspension of 29 (40 mg, 0.05 mmol) in CH3CN (1 mL), DMSO (0.5 
mL), and 1.0 M PBS buffer (5 mL) was added esterase (200 nL). The suspension vm heated 
to 40''C for 48 h. The reaction mixture was concentrated, suspended in MeOH and filtered. 
The filtrate was concentrated and purified by HPLC to give the metabolite X (20 mg, 57%, 
GS 277777) as a white solid: 'H NMR (CD3OD) 8 8.68 (s, IH), 8.47 (d, J = 6.0 Hz, IH), 
7.93 (d, J = 7.8 Hz, IH), 7.68 (m, IH). 7.15 (d, J = 8.4 Hz, 2H). 6.9 (d, J = 8.4 Hz. 2H). 5.59 
(d, J = 5.4 Hz, IH). 5.0 (m, IH), 423 (d, J = 10.5 Hz. 2H). 3.97-3.68 (m. 6H), 3.45 (dd, IH), 
3.15-2.87 (m. 6H). 2.46 (m, IH), 2.0 (m, IH), 1.6-1.38 (m, 5H), 0.95 (d, J = 6.6 Hz, 3H), 0.92 
(d, J = 6.6 Hz, 3H); ^*P NMR (CD3OD) 6 172. 

Example 53 

Metabotite X 58: To a suspension of 35 (60 mg. 0.07 mmol) in CH3CN (1 mL). DMSO (0.5 
mL), and 1.0 M PBS buffer (5 mL) was added esterase (400 pL). The suspension was heated 
to 40**C fat 3 days. The reaction mixture was concentrated, suspended in MeOH and filtered. 
The filtrate was concentrated and purified by HPLC to give the metabolite X (20 mg, 38%. 
GS 2781 1 6) as a white solid: 'H NMR (CD3OD) 8 7.74 (d, J = 6.9 Hz, 2H), 7.63 (d, J = 7.5 
Hz, 2H). 7.21 (d, J = 8.4 Hz, 2H). 6.95 (d, J = 8.1 Hz, 2H), 5.64 (d, J = 5.1 Hz, IH), 5.0 (m. 
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2HX 4.41 (m, 2H), 4.22 (m. 2H), 3.97-3.65 (m, 12H), 3,15-2.9 (m, 8H), 2.75 (m, IH), 2.0 (m, 
IH), 1.8 (m, 2HX 133 (d, J = 6.9 Hz, 3H), 0.88 (m, 6H), 

Example 54 

Monophospholactate 59: A solution of 34 (2.1 0 g, 2.48 mmol) in THF (72 mL) and H2O (8 
mL) at -1 5°C was treated with NaBHLi (0.24 g, 6.20 mmol). The reaction mixture was stirred 
for 10 min at -15°C. The reaction was quenched with 5% aqueous NaHSOj and extracted 
with CH2CI2 (3 x). The combined organic layers were washed with H2O, dried with Na2S04, 
jSltered, and concentrated. The crude product was purified by column chromatography on 
silica gel (5% 2-propanol/CH2Cl2) to give monophospholactate (1.89 g, 90%, GS 278053, 1:1 
diastereomeric mixture) as a white solid: NMR (CDCI3) 5 7.64 (m, 2H), 7.5 l(m, 2H), 
7.38-7.19 (m, 7H), 6.92 (m, 2H), 5.69 (d, J= 4.8 Hz, IH), 5.15 (m, 2H), 4.76 (s, 2H), 4.54 (d, 
J = 10.5 Hz, IH), 4.44 (m, IH), 4.2 (m, 2H), 4.04-3.68 (m, 6H), 3.06-2.62 (m, 7H), 1.8 (m, 
3H), 1.62-1 .5 (dd, 3H), 1 .25 (m, 3H), 0.94 (d, J = 6.3 Hz, 3H), 0.87 (d, J = 6.3 Hz, 3H); ''P 
NMR(CDCl3)517.4, 15.4. 

Example 55 

Metabolite X 60: To a suspension of 59 (70 mg, 0.08 mmol) in CH3CN (1 mL), DMSO (0.5 
mL), and 1.0 M PBS buffer (5 mL) was added esterase (600 fiL). The suspension was heated 
to 40°C for 36 h. The reaction mixture was concentrated, suspended in MeOH and filtered. 
The filtrate was concentrated and purified by HPLC to give the metabolite X (22 mg, 36%, 
GS 278764) as a white soUd: ^HNMR (CD3OD) 5 7.78 (dd, 2H), 7.54 (dd, 2H), 7.15 (m, 
2H), 6.9 (m, 2H), 5.57 (d, IH), 5.0 (m, 2H), 4.65 (m, 4H), 42 (m, 2H), 3.9-3.53 (m, 6H), 
3.06-2.82 (m, 6H), 2.5 (m, IH), 2.0 (m, 2H), 1.62-1.35 (m, 3H), 0.94 (m, 6H). 



SUBSTITUTE SHEET (RULE 26) 



wo 2004/096818 PCT/EP2003/OI2423 

512 

Scheme 16 
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Scbeme 17 
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Scheme 18 
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Example 56 

Phosphonic Acid 63: Compound 62 (0.30 g, 1.12 mmol) was dissolved in CH3CN (5 mL). 
iV;0-Bis(tiimethylsilyl)acetamide (BSA, 2.2 mL, 8.96 mmol) was added. The reaction 
mixture was heated to refhx for 2 h, cooled to room temperature, and concentrated. The 
residue was co-evaporated with toluene and chloroform and dried under vacuum to give a 
thick oil which was dissolved in EtO Ac (4 mL) and cooled to O^'C. Aldehyde 61 (020 g, 0.33 
mmolX AcOH (0.18 mL, 3.30 mmol), and NaBHsCN (0.20 g, 330 mmol) were added. The 
reaction mixture was wanned to room temperature and stirred overnight. The reaction was 
quenched with H2O, stirred for 30 min, filtered, and concentrated. The crude product was 
dissolved in CH3CN (13 mL) and 48% aqueous HF (0.5 mL) was added. The reaction 
mixture was stirred at room temperature for 2 h and concentrated. The crude product was 
purified by HPLC to give the phosphonic acid (70 mg, 32%, GS 277929) as a white solid: 
NMR (CP3OD) 5 7.92 (dd, 2H), 7.73 (d, J = 8.7 Hz, 2H), 7.63 (dd, 2H), 7.12 (d, J = 8.7 Hz, 
2H), 5.68 (d, J = 5.1 Hz, IH), 5.13 (m, IH), 4.4 (m, 2H), 4.05-3.89 (m, 8H), 3.75 (m, IH), 3.5 
(m, IH), 3.37 (m, IH), 3.23-3.0 (m, 3H), 2.88-2.7 (m, 2H), 2.2 (m, IH), 1.8 (m, 2H), 0.92 (d, 
J = 6.3 Hz, 3H), 0.85 (d, J = 6.3 Hz, 3H); ^'P NMR (CD3OD) 5 14.5. 
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Example 57 

Phosphonic Acid 64: A solution of 63 (50 mg, 0.07 mmol) and fonnaldehyde (60 mg, 0.70 
mmol) in EtOAc (2 mL) was treated with HOAc (43 pL, 0.70 mmol) and NaBHaCN (47 mg, 
0.7 mmol). The reaction mixture was stirred at xoom temperature for 26 k The reaction was 
quenched with H2O, stirred for 20 min, and concentrated. The crude jooduct was purified by 
HPLC to give the phosphonic add (15 mg, 29%, GS 277935) as a white solid: 'H NMR 
(CD3OD) 5 7.93 (m, 2H), 7.75 (m, 2H), 7.62 (m. 2H), 7.11 (m, 2H), 5.66 (m. IH). 5.13 (m, 
IH), 4.4 (m, 2H), 4.05-3.89 (m, 8H). 3.75 (m, 2H), 3.0^2.71 (m, 6H), 2.2 (m, IH), 1.9 (m, 
5H), 0.92 (d, J = 63 Hz, 3H), 0.85 (d, J = 6.3 Hz, 3H); ^^P NMR (CD3OD) 8 14.0. 



Example 58 

Phosphonic Acid 66: 2-AminoeAylphosphonic acid (2.60 g, 21 .66 mmol) was dissoked in 
CH3CN (40 mL). N. 0-Bis(trimetiiylsilyl)acetamide ^SA, 40 mL) was added. The reaction 
mixture was heated to reflux for 2 h and cooled to room temperature and concentrated. The 
lesidue was co-evaporated with toluene and chloroform and dried under vacuum to give a 
thick oil which was dissolved in EtOAc (40 mL). Aldehyde 65 (1.33 g, 2.25 mmol), AcOH 
(1 30 mL, 22.5 mmol) and NaBHjCN (1.42 g. 22.5 mmol) were added. The reaction mixture 
was stirred at room temperature overnight. The reaction was quenched with H2O, stirred for 
1 h, filtered, and concentrated. The residue was dissolved in MeOH and filtered. The crude 
product was purified by HPLC to give the phosphonic add (1.00 g, 63%) as a white soUd. 



Example 59 

Phosphonic Add 67: Phosphonic acid 66 (0.13 g, 0.19 mmol) was dissolved in CHjCN (4 
mL). jy;0-Bis(trimethylsilyl)acetamide (BSA, 0.45 mL, 1.90 mmol) was added. The 
reaction mixture was heated to reflux for 2 h, cooled to room temperature, and concentrated. 
The residue was co-evaporated with toluene and chloroform and dried under vacuum to give 
a thick oil vMch was dissolved in EtOAc (3 mL). Formaldehyde (0.15 mL, 1.90 mmol), 
AcOH (0.1 1 mL, 1.90 mmol) and NaBHjCN (63 mg, 1.90 mmol) were added. The reaction 
mixhire was stirred at room temperature overnight. The reaction was quenched with H2O, 
stirred for 6 h, filtered, and concentrated. The residue was dissolved in MeOH and filtered. 
• The crude product was purified by HPLC to give the i*iosphonic acid (40 mg, 30%, GS 
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277957) as a white soUd: 'H NMR (CD3OD) 8 7.78 (d, J = 8.4 Hz, 2H), 7.4 (m, 4H), 7.09 (d, 
J = 8.4 Hz, 2H), 5.6 (d, J = 5.1 Hz, IE), 433 (m, 2H), 3.95-3.65 (m, 9H), 3.5-3.05 (m, 6H), 
2.91-2.6 (m. 7H), 2.0 (m, 3H), 1 .5 (m, 2H), 0.93 (d, J = 6.3 Hz, 3H), 0.87 (d, J = 6.3 Hz, 3H); 
'^PNMR(CD30D)519.7. 

Example 60 

Metabolite X 69: Monophospholactate 68 (1 .4 g, 1 .60 mmol) was dissolved in CH3CN (20 
mL) and H2O (20 mL). 1.0 NNaOH (3.20 mL, 3.20 mmol) was added. The reaction mixture 
was stiired at room temperature for 1.5 h and cooled to 0°C. The reaction mixture was 
acidified to pH = 1-2 with 2 N HCl (1 .6 mL, 3.20 mmoL). The solvent was evaporated under 
reduced pressure. The crude product was purified by HPLC to give ib& metabolite X (0.60 g, 
49%, GS 273842) as a white soUd: 'H NMR (DMSO^ie) 8 7.72 (d, J = 8.7 Hz, 2H), 7.33 (m, 
4H), 7.09 (d, J = 9.0 Hz, 2H), 5.52 (d, J - 5.7 Hz, IH), 5.1 (broad, s, IH), 4.85 (m, IH), 4.63 
(m, IH), 4.13 (m, 2H), 3.8 (m, 5H), 3.6 (m, 4H), 3.36 (m, IH), 3.03 (m, 4H), 2.79 (m, 3H), 
2.5 (m, IH), 2.0 (m, 3H), 1.5-1.3 (m, 5H), 0.85 (d, J = 6.6 Hz, 3H), 0.79 (d, J = 6.6 Hz, 3H); 
^'P NMR (DMSO-de) 5 21 .9. 
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Scheme 19 
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Scheme 20 
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Example 61 

MonophosphDlaclate 70: A solution of 59 (1.48 g. 1.74 mmol) and Boc-L-valine (0.38 g. 
1 .74 mmol) in CH2CI2 (30 mL) at 0»C was treated with 1,3- dicyclohexylcarbodiimide (045 
g, 2.18 mmol) and 4-dimethylaminopyridine (26 mg, 0J21 mmol). The reaction mixture 
stined at O^C for 1 h and then wanned to room temperature for 2 h. The product 



was 



was 
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partitioned between CH2CI2 and 0.2 N HCl. The organic layw was washed with H2O, dried 
with Na2S04, filtered, and concentrated. The crude product was purified by column 
chromatography on silica gel (4% 2.propanol/CH2Cl2) to give the monophospholactate (1.65 
g, 90%) as a white solid 

Example 62 

Monophospholactate 71 : A solution of 70 (1 .65 g. 1 .57 mmol) in CH2C12 (8 mL) at 0°C was . 
treated wdth trifluoroacetic acid (4 mL). The solution was stirred for 30 min at O'C and then 
warmed to room temperature for an additional 30 min. The reaction mixture was dfluted with 
toluene and concentated under reduced pressure. The crude jModuct was purified by column 
chromatography on silica gel (10% 2-propanol/CH2Cl2) to give the monophospholactate 
(1 .42 85%, OS 278635, 2/3 diastereomeric mixture) as a white solid: 'H NMR (CDCI3) S 
7.73 (m, 2H). 7.49 (d. J = 72 Hz, 2H), 7.4-7.1 (m. 7H), 6.89 (m. 2H), 5.64 (m. IH), 5.47 (m, 
IH), 533-5.06 (m, 4H), 4.57-4.41 (m, 2H), 4.2 (m, 2H), 3.96-3.7 (m, 7H), 3.15-2.73 (m, 7H). 
238 (m, IH), 1.9 (m, IH). 1.7 (m, IH). 1.63-1.5 (m, 4H), 1J24 (m, 3H), 1.19 (m, 6H). 0.91 
(d, 3H), 0.88 (d, 3H); ^'P NMR (CDCI3) 5 17.3, 15.4. 

Example 63 

Monophospholactate 73: A solution of 72 (0.43 g, 0.50 mmol) and Boc-L-valine (0.1 1 g, 
0.50 nunol) in CH2CI2 (6 mL) was treated with 1,3-dicyclohexylcarbodiimide (0,13 g, 0.63 
mmol) and 4-dimethylaminopyridine (62 mg, 0.5 mmol). The reaction mixture was stirred at 
room temperature ovemighL The product was partitioned between CH2CI2 and 0.2 N HCL 
The organic layer was washed with H2O, dried witii Na2S04, filtered, and concentiated. The 
crude product was purified by column chromatography on silica gel (2% 2-propanol/CH2Cl2) 
to give the monophospholactate (0.45 g, 85%) as a white solid 



Example fi4 

Monophospholactate 74: A solution of 73 (0.44 g, 0.42 mmol) in CH2CI2 (1 mL) at 0°C was 
treated witii trifluoroacetic acid (0.5 mL). TTie solution was stirred for 30 min at 0°C and 
tiien warmed to room temperature for an additional 30 min. The reaction mixture was dUuted 
wifli toluene and concentrated under reduced pressure. The crude product was purified by 
column chromatography on silica gel (10% 2-prc^anol/CH2Cl2) to give the 
monophospholactate (0.40 g, 90%, GS 278785, 1:1 diastereomeric mixture) as a white solid: 
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'H NMR (CDCI3) 5 7.69 (d, J = 8.4 Hz, 2H), 7.34-7.2 (m, 7H), 6.98 (d, J = 8.4 Hz, 2H). 6.88 
(m, 2H), 6.16 (m, IE), 5.64 (m, IH), 5.46 (m, IH), 5.2-5.0 (m, 2H). 4.5 (m, 2H), 4.2 (m, 3H), 
4.0-3.4 (m, 9H). 3.3 (m, IH), 3.0-2.8 (m. 5H), 2.5 (m, IH), 1.83 (m, IH), 1.6-1.5 (m, 5H), 
125 (m, 3H), 1.15 (m, 6H), 0.82 (d, J = 6.0 Hz, 3H). 0.76 (d, J = 6.0 Hz, 3H); ''P NMR 
(CDCl3)817.3,15.5. 

Example 65 

Cbz Atnide 76: Compound 75 (0.35 g, 0.69 mmol) was dissolved in CH3CN (6 mL). N,0- 
Bis(trimethylsilyl)acetamide (BSA, 0.67 mL, 2.76 mmol) was added. The reaction mixture 
was heated to reflux for 1 h, cooled to room temperature, and concentrated. The residue was 
co-evaporated with toluene and chlorofoim and dried under vacuum to ^ve a thick oil which 
was dissolved in CH2CI2 (3 mL) and cooled to 0*C. Pyridine (0.1 7 djL, 2.07 mmol) and 
benzyl chlorofoimate (0. 12 mL, 0.83 mmol) were added. Hie reaction mixture was stirred at 
0°C for 1 h and flien wanned to room tempetatore overnight. The reaction was quenched 
with MeOH (5 mL) and 1 0% HCl (20 mL) at 0"C and stirred for 1 h. The product was 
extracted with CH2a2, washed with ferine, dried with Na2S04, filtered, and concentrated. 
The crude product was purified by column chromatography on silica gel (3% 2- 
propanol/CH2Cl2) to give Ae CBz amide (0.40 g, 90%) as a vMte solid. 

Example 66 

Etfbenzylphosphonate 77: A solution of 76 (0.39 g, 0.61 mmol) and l/T-tetrazole (54 mg, - - 
0.92 mmol) in CH2CI2 (8 mL) was treated with dibenzyldiisopropylphosphoramidite (0.32 g, 
0.92 mmol) and stirred at room temperature overnight. The solution was cooled to 0°C, 
treated with mCPBA, stirred for 1 h at 0'*C and then warmed to room temperature for 1 h. 
The reaction mixture was poured into a mixture of aqueous NaiSCh and NaHCOs and 
extracted with CH2CI2. The organic layer was washed with H2O, dried with Na2S04, filtered, 
and concentrated. The crude product was purified by column chromatography on silica gel 
(3% 2-propanol/CH2Cl2) to give the diben^lphosphonate (0.42 g, 76%) as a white solid. 

t 

Evam plft fi7 

Disodium Salt of Phosphonic Add 78: To a solution of 77 (0.18 g, 0.20 mmol) in EtOH (20 
mL) and EtOAc (4 mL) was added 10% Pd/C (40 mg). The suspension was stiired under H2 
atmosphere (baUoon) at room temperature for 4 h. The reaction mixture was filtered through 
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a plug of celite. The filtrate was concentrated and dried under vacuum to give the 
phosphonic acid (0.11 g, 95%) which was dissolved in H2O (4 mL) and treated with NaHCOj 
(32 mg, 0.38 mmol). The reaction mixture was stirred at room temperature for 1 h and 
lyopholyzed overnight to give the disodium salt of phosphonic acid (0.12 g, 99%, GS 
277962) as a white soKd: *H NMR (D2O) 3 7.55 (dd, 2H), 7.2 (m, 5H), 7.77 (dd, 2H), 4.65 
(m, IH), 4.24 (m, IH), 4.07 (m, IH), 3.78-2.6 (m, I2H), 1.88-1.6 (m, 3H), 0.75 (m, 6H). 



Scheme 1 




I. H2/10%Pd-C/EtOAc-EtOH ; II.Tf2NPh/Cs2C03; 
fll. Bu3SnCH=CH2/PdCl2(PPh3)2/LjCI/DMF/90 C; 

IV. a.TFA/CH2Cl2;b.Bisfurancarbonate/i-Pr2NEt/DMAP; 

V. Nal04/Os04/EtOAc-H20 
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Example 1 

Compound 1 was. prepared by methods from Examples herein. 
Example 2 

Compound 2: To a solution of compound 1 (473 g) in EtOH/EtOAc (lOOO inL/500 mL) was 
added 10% Pd-C (5 g). Hie mixture was hydrogenated for 19 hours. Celite was added and 
the mixture was stirred for 10 mmutes. The mixture was fittoed through a pad of ceUte and 
was wadied with ethyl acetate. Concentration gave cwnpound 2 (42. 1 g). 

Compound 3: To a solution of compound 2 (42.3 g, 81 mmol) in CH2CI2 (833 mL) was 
added N-phenyltrifluoromethanesulfonimide (31.8 g, 89 mmol), foUowed by cesium 
carbonate (28.9 g, 89 mmol). ITie mixture was stined for 24 hours. The solvent was 
removed under reduced pressure, and ethyl acetate was added. The reaction mixture was 
washed with water (3x) and brine (Ix), and was dried over MgS04. Purification by flash 
column chromatography (CHzClj/BtOAc = 13/1) gave compound 3 (49.5 g) as a white 
powder. 

Example 4 

Compound 4: To a solution of compound 3 (25.2, 38.5 mmol) in DMF (240 mL) was added 
lithium chloride (1 1.45 g, 270 mmol), followed by dichlorobis(triphenylphosphine) 
palladiumOI) (540 mg, 0.77 mmol). The mixture was stirred for 3 minutes under high 
vacuum and recharged with nitrogen. To the above solution was added tributylvinyltin 
(11.25 mL). The reaction mixture vras heated at 9()*C for .6 hours and cooled to 25°C. Water 
was added to the reaction, and the mixture was extracted with ethyl acetate (3X). The 
comhmed organic layer was washed with water (6x) and brine, and dried over MgS04. 
Concentration gave an oil. The oU was diluted with dichloromethane (40 mL). water (0.693 
mL, 38.5 mmol) and DBU (5.76 mL, 38.5 mmol) were added . The mixture was stined for 5 
minutes, and subjected to flash column chromatography (hracanes/EtOAc = 2.5/1). 
Compound 4 was obtamed as white solid (18.4 g). 
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Example 5 

Compound 5: To a solution of compound 4 (18.4 g, 34.5 mmol) in CH2CI2 (70 mL) at 0«C 
was added trifluoroacetic acid (35 mL). The mixture was stined at 0°C for 2 hrs. and 
solvents were evaporated under reduced pressure. The reaction mixture was quenched with 

saturated sodium carbonate solution, and was extracted with ethyl acetate (3x). The 
combined organic layer was washed with saturated sodium carbonate solution(lx}, water 
(2x). and brine ,(lx), and dried over MgSO*. Concentration gave a solid. To a solution of the 
above solid in acetonitrile (220 mL) at 0°C was added bisfurancarbonate (10.09 g. 34.2 
mmol), foUowed by di-isopropylethylamine (12.0 mL, 69.1 mmol) and DMAP (843 mg, 6.9 
mmol). The mixture was warmed to 25-C and stirred for 12 hours. Solvents were removed 
under reduced pressure. The mixture was diluted with ethyl acetate, and was washed with 
water (2X). 5% hydrochloric acid (2x), water (2x), IN sodium hydroxide (2x), water (2x), 
and brine (Ix), and dried over MgS04. Purification by flash column chromatography 
(hexanes/EtOAc = 1/1)) gave compound 5 (13.5 g). 

Example 6 

Compound 6: To a solution of compound 5 (13.5 g, 23 mmol) in ethyl acetate (135 mL) was 
added water (135 mL), followed by 2.5% osmium telraoxide/tert-butanol (1 7 mL). Sodium, 
periodate (1 1.5 g) was added in portions over 2 minutes period Hie mixture was stirred for 
90 minutes, and was diluted with ethyl acetate. The organic layer was separated and washed 
with water (3x) and brine (Ix), and dried over MgS04. Purification by flash column 
chromatography (hexanes/EtOAc = J4) gave compound 6 as white powder (12 g): NMR 
(CDCI3) 8 9.98 (1 H, s), 7.82 (2 H, m). 7.75 (2 H, m), 7.43 (2 H, m), 6.99 (2 H, m). 5.64 (1 H, 
m), 5.02 (2 H. m), 4.0-3.8 (9 H, m), 3.2-2.7 (7 H, m). 1 .9-1 .4 (3 H, m), 0.94 (6 H. m). 
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I. a..SOCl2/toluene/60 C; b. PhOH/pyridine; II. a.NaOHArHF/H20: b. HCJ- 
in. b.SOCl2/toluene/60 C; cethyf lactate/pyridine; IV. H2/10%Pd-C/EtOAc* 



Scheme 3 




I: ^u^^£^^' Wsftirancaibon^^ a.EtaSiCWmidazole/DMR 
b. H2«)%Pd(OH)rCyiPrOH; III. Oes4Martin reagent/CHaCia 
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I. a. NaBHaCN/HOAc/EtOAc; b. 2%HF/CH3CN; 
. HCHO/NaBHsCN/HOAc/EtOAc 



Compound 8: To the suspension of compound 7 (15.8 g, 72.5 nmiol) in toluene (140 mL) 
was added DMF (1.9 mL), followed by thionyl chloride (53 mL. 725 mmol). The reaction 
mixture was heated at 60'C for 5 hrs, and evaporated under reduced pressure. The mixture 
was coevaporated with toluene (2x). EtOAc, and CH2CI2 (2x) to aflFord a brown solid. To the 
solution of the brown solid in CH2CI2 at 0°C was added phenol (27.2 g, 290 mmol), followed 
by slow addition of pyridine (35 mL, 435 mmol). The reaction mixture was aUowed to warm 
to 25**C and stirred for 14 hrs. Solvents were removed under reduced pressure. TTie mixture 
was diluted with EtOAc, and washed with water (3x) and brine (Ix). and dried over MgS04. 
Concenteation gave a dark oil, which was purified by flash column chromatography 
(hexanes/EtOAc = 4/1 to 1/1) to afford compound 8 (12.5 g). 
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Compound 9: To a solution of compound 8 (221 g, 6 mmol) in THF (30 mL) Tvas added 12 
mL of 1 .0 N NaOH solution. The mixture was stirred at 25^0 for 2 hours, and IHF was 
removed under reduced pressure. Hie mixture was diluted with water, and acetic acid (343 
mL, 6 mmol) was added. The aqueous phase was washed with EtOAc (3x), and then 
acidified with concentrated HCl until pH = 1. The aqueous was extracted with EtOAc (3x). 
Tl»e combined organic layer was washed with water (Ix) and brine (Ix). and dried 
MgS04. Concentration under reduced pressure gave compound 9 as a solid (1.1 g). 



ovw 



Compound 10: To a suspension of compound 9 (380 mg. 1.3 mmol) in toluene (2 J mL) was 
added thionyl chloride (1 mL, 13 mmol), followed by DMF (1 drop). ITie mixture was 
heated at 60»C for 2 hours. Hie solvent and reagent were removed under reduced pT«5sure. 
The mixture was coevaporated wilh toluene (2x) and CH2CI2 to give a vrfiite solid. To the 
solution of the above solid in CH2CI2 (5 ml) at -20'C was added ethyl lactate (294 jiL. 2.6 
mmol), foUowed by pyridine (420 pL, 5.2 mmol). The mixture was warmed to 25''C and 
stirred for 12 hours. Hie reaction mixture was concentrated under reduced pressure to give a 
yellow solid, which was purified by flash cohmm chromatography to generate compound 1 0 
(427 mg). 



Example 1 1 

Compound 1 1 : To a solution of compound 1 0 (480 mg) in EtOAc (20 mL) was added 1 0% 
Pd-C (80 mg). The reaction mixture was hydrogenated for 6 hrs. The mixture was stirred 
with celite for 5 mins. and filtered through a pad of celite. Concentration under reduced 
pressure gave compound 1 1 (460 mg). 

Examplft 19 

Compound 12 was prepared by the methods of the Examples herein 

Eyamplff 1 

Compound 13: To a solution of compound 12 (536 mg. 1.0 mmol) in CH2CI2 (10 mL) was 
added trifluoroacetic acid (2 mL). The mixture was stirred for 2 hrs. and was concentrated 
under reduced pressure. The liquid was coev^ated with CH2CI2 (3x) and EtOAc (3x) to 



SUBSTITUTE SHEET (RULE 26) 



wo 2004/096818 PCT/EP20D3/012423 

528 

give a brown soHA To the solution of above brown soKd in acetonitrile (6.5 mL) at O'C was 
added bisfiirancarbonate (295 mg, 1.0 mmol). foUowed by diisopropylethylamine (350 ^L, 
2.0 mmol) and DMAP (24 mg). The mixture was warned to 25-0, and was stined for 12 hrs. 
The mixture was diluted withEtOAc, and was washed sequentiaUy with water (2x), 0.5 N 
HCl (2x), water (2x), 0.5 N NaOH solution (2x), water (2x), and brine (Ix), and drild over 
MgS04. Purification by flash column chromatography (hexanes/EtOAc = l/l) afford 
compound 13 (540 mg). 

Compound- 14: To a solution of compound 13 (400 mg, 0.67 mmol) in DMF (3 mL) was 
added unidazole (143 mg, 2.10 mmol), followed by triethylchlorosilane (224 ^L, 1.34 
nunol). The mixture was stirred for 12 hours. The mixture was dUuted with EtOAc, and was 
washed with water (5x) and brine, and dried over MgSO,. Purification by flash column 
chromatography (hexanes/EtOAc = 2/1) gave a white solid (427 mg). To ti,e solution of 
above solid in isopropanol (18 mL) was added 20% palladium(ir) hydroxide on carbon (120 
mg). The mixture was hydrogenated for 12 hours. The mixture was stirred with celite for 5 
mins. and filtered through apad of ceUte. Concentration under reduced pressure gave 
compound 14(360 mg). 

Example IS 

Compound 15: To a solution of compound 14 (101 mg, 0.18 mmol) in CH2CI2 (5 mL) was 
added Dess-Maitin periodiane (136 mg, 0.36 mmol). Hie mixture, was stirred for 1 hour. 
Purification by flash column chromatography (hexanes/EtOAc = 2/1) gave compound 15 (98 
mg). 

Example 16 

Compound 16: To a solution of compound 15 (50 mg, 0.08 mmol) in EtOAc (0.5 mL) was 
added compound 1 1 (150 mg, 0.41 mmol). The.mixture was cooled to 0"C, acetic acid (19 
ML, 0.32 mmol) was added, followed by sodium cyanoborohydride (10 mg, 0.16 mmol). The 
mixture was wanned to 25°C. and was stirred for 14 hrs. The mixture was diluted wifli 
EtOAc, and was washed witii water (3x) and brine, aad was dried over MgSO*. 
Concentration gave a oil. To tiie sohition of above ofl m acetonitrile (2.5 mL) was added 
48% HF/CHjCN (0.1 mL). ITxe mixture was stirred for 30 minutes, and was diluted witti 
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EtOAc. The organic phase wa$ washed with water (3x) and hrine (Ix), and was dried over 
MgS04. Purification by flash column chromatogiaphy (CHaCb/IPrOH = 100/3) gave 
compound 16 (50 mg): 'h NMR (CDQj) 6 7.72 (2 H, d, J = 8.9 Hz), 7.15-7.05 (7 H. m), 
7.30 (2 H, d, J = 8.9 Hz). 6.64 (2 H, m). 5.73 (1 H, m), 5.45 (1 H, m), 5.13 (1 H, m), 4.93 (1 
H. mX 4.22-3.75 (11 H. m), 3.4 (4 H, m), 335-2.80 (5 H. m). 2.1-1.8 (3 H, m), 1.40-1.25 (6 
H, ml 0.94 (6 H, m). 



Example 17 

Compound 17: To a solution of compound 16 (30 mg, 0.04 mmol) in EtOAc (0.8 mL) was 
added 37% formaldehyde (26 pL, 0.4 mmol). Tb& mixture was cooled to 0°C, acetic add 
(20 nL, 0.4 mmol) was added, followed by sodium jyyanoborohydride (22 mg, 0.4 mmol). 
ITie mixture was warmed to 25-C. and was stilted for 14 hrs. Hie mixture was diluted with 
EtOAc, and was washed with water (3x) and brine, and was dried over MgS04. Purification 
by flash column chnanatography (CHzClj/iPrOH = 100/3) gave compound 17 (22 mg): 'H 
NMR (CDCI3) 8 7.63 (2 H. mX 7.3-6.9 (9 H. m), 6.79 (2 H, m), 5.68 (1 H, m). 5.2 (1 II, m), 
5.10 (1 H, m). 4.95 (1 H, m), 4.22 (2 H, m). 4.2-3.7 (21 H.m). 2.0-1.7 (3 H, m). 1.4-12 (6H. 
m), 0.93 (6 H, m). 
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I. a.HCHO/100 C: b. HCI/100 C; c.HBrrt20 C:d BoczO/NaaCOg 11. aTfoNPh/Cs^COv 

b. Bu3SnCH=CH2flJCtfP(lCl2(PPh3)2/90 C; lll.a. Nal04/Os04; b. NaBH4- 

IV. a. CBrVPPha; b. (BnOfePOHyCSaCOj: V. H2/10% Pd-C;VI. a. PhOH/DCC: b NaOH- C HO- 

VII. Ethyl lactatemOP; VIII.TFA/CH2CI2; VIII. compound 15/NaBH3CN/HOAa ' ' ' 



Example 18 

Compound 18: Compound 18 was purchased from Aldrich. 
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Example 19 

Compound 19: To compound 18 (1225 g, 81.1 mmol) was added 37% foimaldehyde (6.15 
mL. 82.7 mmol) slowly. Tlie mixture was heated at IWfC for 1 hour. The mixture was 
cooled to 25"C, and was diluted with benzene, and was washed with water (2x). 
Concentration under reduced pressure gave a yeUow oil. To above oil was added 20% HCl 
(16 mL), and tbe mixture was heated at 100»C for 12 hours. The mixture was basified with 
40% KOH solution at 0»C, and was extracted with EtOAc (3x). Tlie combined oisanic layer 
was washed with water and brine, and was dried over MgS04. ConcenHation gave a oil To 
flie ofl w?is added 48% HBr (320 mL), and the mixture was heated at 120»C for 3 hours. 
Water was removed at 100«C under reduced pressme to give a brown solid. To the solution 
of above solid in water/dioxane (200 mL/20QmL) at O'C was added sodium carbonate (25.7 
243 mmol) slowly, followed by di-tert-butyl dicaibonate (19.4 g. 89 mmol). The mixture 
was wanned to 250C and stirred for 12 hours. Dioxane was removed mider reduced pressure, 
and the remaining was extracted with EtOAc(3x). The combined organic phase was wadied' 
with water (3x) and brine, and was dried over MgS04. Purification by flash cohnnn 
chromatography (hexanes/EtOAc = 4/1 to 3/1) gave compowid 19 as white solid (13.6 g). 

Example 20 

Compound 20: To a solution of compound 19 (2.49 g, 10 mmol) in CH2CI2 (100 mL) was 
added N-phenyltrifluoromethanesulfonimide (3.93 g, 1 1 mmol), foUowed by cesium 
carbonate (3.58 g, 1 1 mmol). The mixture was stirred for 48 hours. The solvent was 
removed under reduced pressure, and ethyl acetate was added. The reaction mixture was 
washed with water (3x) and brine (Ix), and was dried over MgS04. Purification by flash 
column chromatography (hexanes/EtOAc = 6/1) gave a white solid (3.3 g). To the solution 
of above solid (2.7 g, 7.1 mmol) in DMF (40 mL) was added lithium chloride (2.11 g, 49.7 
mmol), foUowed by dichlorobis(triphenylphosphine) pal]adium(n) (100 mg, 0.14 mmol). 
Tbe mfartore was stirred for 3 minutes under high vacuum and recharged with nitrogen. To 
the above solution was added tributylvinyltin (2.07 mL, 7.1 mmol). The reaction mixture 
was heated at 90°C for 3 hours and cooled to 25»C. Water was added to the reaction, and the 
mixture was extracted with ethyl acetate (3X). The combined organic layer was washed with 
water (6x) and brine, and dried over MgSO*. Concentration gave an oil. The oil was dUuted 
with CHjCfe (5 mL). water (128 yL, 7.1mmol) and DBU (1 mL, 7.1 mmol) were added. The 
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mixture was stiired for 5 minutes, and was subjected to flash column chromatography 
(hexanes/EtOAc = 9/1). Compound 20 was obtained as white solid (1.43 g). 

Example 21 

Compound 21 : To a solution of compound 20 (1.36 g, 5.25 mmol) in elhyl acetate (16 mL) 
was added water (16 mL), foUowed by 2J% osmium tetraoxide/tert-butanol (2.63 mL). 
Sodium periodate (2.44 g) was added in portions over 2 minutes period. The mixture was 
stirred for 45 minutes, and was diluted with ethyl acetate. The organic layer was separated 
and washed with water (3x) and brine (Ix), and dried over MgS04. Concentration gave a 
brown soHd. To the sohition of above soKd in methanol (100 mL) at 0°C was added sodium 
borohydride. The mixture was stirred for 1 hour at O^C, and was quenched with saturated 
mua (40 mL). Methanol was removed under reduced pressure, and die remaining was 
extracted with EtOAc (3x). The combined organic layer was washed witii water and brine, 
and was dried over MgS04. Purification by flash column chromatography (hexanes/EtOAc = 
2/1) gave compound 21 (1.0 g). 

Compound 22: To a solution of compound 21 (657 mg, 2.57 mmol) in CH2CI2 (2 mL) was 
added a solution of tetrahromocarbon (1.276 g, 3.86 mmol) in CH2CI2 (2 mL). To the above 
mixture was added a solution of triphenylpbsophine (673 mg, 2.57 mmol) m CH2CI2 (2 mL) 
over 30 minutes period. The mixture was stirred for 2 hours, and was concentrated under 
reduced pressure. Purification by flash column chromatography (hexanes^tOAc = 9/1) gave 
the bromide intermediate (549 mg). To the solution of above bromide (548 mg, 1.69 mmol) 
m acetonitrile (4.8 mL) was added dibenzyl phosphite (0.48 mL, 2.19 mmol), foUowed by 
cesium carbonate (828 mg, 2M mmol). The mixture was stuxed for 48 hours, and was 
diluted with EtOAc. 

The mixture was washed with water (3x) and brine, and was dried over MgS04. Purification 
by flash column chromatography (hexanes/EtOAc = 3/1 to 100% EtOAc) gave compound 22 
(863 mg). 

Example 23 

Compound 23: To a solution of compound 22 (840 mg) in ethanol (80 mL) was added 10% 
paHadium on carbon (200 mg). The mixture was hydrogenated for 2 hours. The mixture was 
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stiired with celite for 5 mins, and was filtered through a pad of ceJite. Concentratioii under 
reduced pressure gave compound 23 (504 mg). 

Example 24 

Compound 24: To a solution of compound 23 (504 mg. 1 M mmol) in pyridine (1 0.5 mL) 
was added phenol (1.45 & 1 5.4 mmol), foUowed by DCC (1 .28 & 6.2 mmol). The mixture 
was heated at eS'C for 3 hours, and pyridine was removed under reduced pressure. The 
mixture was diluted with EtOAc (5 ml), and was fiUeted and washed with EtOAc (2x5 mL). 
Concentration gave a oil, which was purified by flash column chromatography 
(CHzCfc/isopiopanol = 100/3) to give diphenylphosphonate intennediate (340 mg). To a 
solution of above compound (341 mg, 0.71 mmol) m THF (1 mL) was added 0.85 mL of 1.0 

NNaOH solution. The mixture was stirred at 25»C for 3 hours, and THF was removed under 
reduced pressure. The mixture was diluted with water, and was washed with EtOAc (3x), 
andthenacidifiedwithconcentratedHCluntilpH=l. The aqueous was extracted with ' 
EtOAc (3x). The combined organic layer was washed with water (Ix) and brine (Ix), and 
dried over MgS04. Concentration under reduced pressure gave compound 24 as a solid (270 
mg). 

Fxamplft 

Compound 25: To a solution of compound 24 (230 mg, 0 J7 mmol) in DMF (2 mL) was 
added ethyl (s>lactate (130 ^iL, L14 mmol), foUowed by diisopropylethylamine (400 ^iL. 
228 mmol) and benzotriazol.l-yloxylris(dimetiiylamino)phosphonium hexafluorophosphate 
(504 mg. 1.14 mmol). The mixture was stirred for 14 hours, was diluted with EtOAc. Hie 
organic phase was washed with water (5x) and brine (Ix), and was dried over MgSO*. 
Purification by flash colmmi chromatography (CHjCVisopropanol = 100/3) gave compound 
25 (220 mg). 

Example 26 

Compound 26: To a solution of compound 25 (220 mg) m CH2CI2 (2 mL) was added 
trifluoroacetic acid (1 mL). The mixture was stiired for 2 hrs. and was concentrated mider 
reduced pressure. The mixture was dfluted with EtOAc, and was washed with saturated 
sodium carbonate solution, water, and brine, and was dried over MgSO*. Concentration gave 
compound 26 (170 mg). 
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Example 27 

Compound 27: To a solution of compound 15 (258 mg, 0.42 mmol) in EtOAc (2.6 mL) was 
added compound 26 (170 mg, 0.42 mmol), followed by acetic acid (75 pL, 1 .26 mmol). The 
mixture was stined for 5 minutes, and sodium cyanoboiohydride (53 mg, 0.84 mmol) was 
added. The mixture was stiired for 14 hrs. The mixture was dUuted with EtOAc, and was 
washed with saturated sodium bicarbonate solution, water (3x) and brine, and was dried over 
MgS04. Purification by fiash column chromatogr^hy (CHaCIz^rOH = 100/4 to 100/6) 
gave the intermediate (440 mg). To the solution of above compound (440 mg) in acetonitrile 
(10 mL) was added 48% HF/ CHjCN (0.4 mL). The mixture was stirred for 2 hours, and 
acetonitrile was removed under reduced pressure. The remaining was diluted with EtOAc, 
and was washed with water (3x) and brine (IxX and was dried over MgSO*. Purification by 
flash column chromatography (CHzCl/iPrOH = 100/5) gave compound 27 (120 mg): 'H 
NMR (CDCI3) 5 7.70 (2 H. m), 7.27 (2 H. m), 7.15 (5 H. m), 6.95 (3 H, m). 5.73 (1 H, mX 
5.6-5.4 (1 H, mX 5.16 (1 H, mX 4.96 (1 H, mX 4.22-3.60 (13 H, mX 3.42 (2 H, mX 3-4-2.6 
(1 1 H. mX 2.1-3.8 (3 H. mX 1.39 (3 H, mX 1^4 (3 H, mX 0.84 (6 H. m). 
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Example 28 

Compound 28: To a solution of compound 19 (7.5 g, 30 mmol) in acetonitrile (420 mL) 
added dibenzyl triflate (17.8 g, 42 mmol), followed by cesium carbonate (29.4 g, 90 mmol). 



was 
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Hie mixture was stirred for 2.5 hours, and was filtered. Acetonitrile was removed under 
reduced pressure, and the remaining was diluted with EtOAc. The mixtine was washed with 
water (3x) and brine, and was dried over MgS04. Purification by flash column 
chromatography (hexanesEtOAc = 2/1 to 1/1) gave compound 28 (14.3 g). 



Example 29 



Compound 29; To a solution of compound 28 (14.3 g) in ethanol (500 mL) was added 10% 
palladium on carbon (1 .45 g). The mixture was hydrogenated for 2 hours. The mixtme was 
stined with celite for 5 mins, and was filtered through a pad of celite. Concentration under 
reduced pressure gave compound 29 (9.1 g). 



Kxample ^0 

Compound 30: To a solution of compound 29 (9.1 g) in CH2CI2 (60 mL) was added 
trifluoroacetic acid (30 mL). The mixture was stined for 4 hrs, and was concentrated under 
reducedpressure. The mixture was coevaporated with CH2CI2 (3x) and toluene, and was 
dried under high vacuum to give a white solid. The white soHd was dissolved in 2.0 N NaOH 
solution (45 mL, 90 mmol). and was cooled to 0»C. To the above solution was added slowly 
a solution of benzyl chloroformate (6.4 mL, 45 mmol) m toluene (7 mL). The mixture was 
warmed to 25'C, and was stirred for 6 hours. 2.0 N sodium hydroxide was added to above 
solution until pH =1 1 . The aqueous was extracted with ethyl ether (3x), and was cooled to 
(fC. To the above aqueous phase at 0°C was added concentrated HCl until pH = 1 . The 
aqueous was extracted with EtOAc (3x). The combine organic layers were washed with 

brine, and were dried over MgS04. Concentration gave compound 30(1 1.3 g) as a white 
solid. 



Compound 31 : To the suspension of compound 30 (1 1.3 g, 30 mmol) in toluene (150 mL) 
was added thionyl chloride (13 mL, 180 mmol), followed by DMF (a few drops). Tlie 
reaction mixture was heated at 65°C for 4.5 hrs, and evaporated under reduced pressure. The 
mixture was coevaporated with toluene (2x) to afford a brown solid. To the solution of the 
brown solid in CH2CI2 (120 ml) at O^C was added phenol (1 1.28 g. 120 mmol), followed by 
slow addition of pyridme (14.6 mL, 1 80 mmol). The reaction mixture was aUowed to warm 
to 25°C and stirred for 1 4 hrs. Solvents were removed under reduced pressure. The mixture 
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was dfluted with EtOAc, and washed with water (3x) and brine (Ix), and dried over MgS04. 
Concentration gave a dark oil, which was purified by flash cohimn chromatography 
(hexanes/EtOAc = 3/1 to 1/1) to afford compound 31 (9.8 g). 



Example 32 

Compound 32: To a solution of compound 31 (9.8 g, 18.5 mmol) in THF (26 mL) was added 
20.3 mL of 1 .0 N NaOH solution. Hie mixture was stirred at 25"C for 2.5 hours, and THF 
was removed under reduced pressure. Hie mixture was diluted with water, and was washed 
with EtOAc (3x). the aqueous phase was cooled to O'C. and was acidified with concentrated 
HCl until pH = 1 . The aqueous was extracted with EtOAc (3x). The combined organic layer 
was washed wifli water (Ix) and brine (Ix), and dried over MgS04. Concentration under 
reduced pressure gave a solid (8.2 g). To a suspension of above soKd (4.5 g, 10 mmol) in 
toluene (50 mL) was added thionyl chloride (4.4 mL, 60 mmol). followed by DMF (02 mL). 
The mbdure was heated at 70°C for 3.5 hours. The solvent and reagent were removed under 
reduced pressure. The mixture was coevaporated with toluene (2x) to give a white solid, to 
the solution of the above soHd in CH2CI2 (40 mL) at 0"C was added ethyl (s>laclate (2.3 mL. 
20 mmol), followed by pyridme (3.2 mL, 40 mmol). Hie mixture was warmed to 25*'C and 
stirred for 12 hours. The reaction mixture was concentrated under reduced pressure, and was 
diluted with EtOAc. The organic phase was washed with 1 N HCl, wat«, and brine, and was 
dried over MgS04. Purification by flash column chromatography (hexaues/EtOAc = 2/1 to 
1/1) gave compound 32 (4. 1 g). 



Example 33 

Compound 33: To a solution of compound 32 (3.8 g, 6.9 mmol) in EtOAc/EtOH (30 mL/30 
mL) was added 10% palladmm on carbon (380 mg), followed by acetic acid (400 pL, 6.9 
mmol). The mixture was hydrogenated for 3 hours. The mixture was stirred with ceUte for 5 
mms, and was filtered through a pad of ceHte. Concentration under reduced pressure gave 
compound 33 (3.5 g). 



Example 34 

Compound 34: To a solution of compound 15 (1 .70 g, 2.76 mmol) in EtOAc (17 mL) was 
added compound 33 (3.50 g. 6.9 mmol). The mixture was stined for 5 minutes, and was 
cooled to 0"^ and sodium cyanoborohydride (347 mg, 5.52 mmol) was added. The mixture 
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wasstiiredfor6hnL The mixture was cffluted with EtO Ac, and was washed with saturated 
sodium bicarbonate solution, water (3x) and brine, and was dried over MgSO*. Purification 
by flash column chromatography (CHaCh/iPrOH = 100/6) gave the intermediate (3.4 g). To 
the solution of above compound (3.4 g) in acetonitrile (100 mL) was added 48% HF/ CHjCN 
(4 mL). The mixture was stirred for 2 hours, and acetonitrile was removed under reduced 
pressure. The remaming was dihited wifli EtOAc, and was washed with satraated sodium 
carbonate, water (3x), and brine (Ix), and was dried over MgSO*. Purification by flash 
colmmi chromatography (CHzCfe/iPrOH = 100/5) gave compound 34 (920 mg): NMR 
(CDCl,) 8 7.71 (2 H, m). 7.38-7.19 (5 H, m). 6.92 (3 H, m), 6.75 (2 H, m), 5.73 (1 H, m% 
5.57-5.35 (1 H. m), 5.16 (2 H. m). 4.5 (2 H, m), 4.2-3.6 (13 H, m), 3.25-2.50 (1 1 H. m). 2.0- 
1 .8 (3 H, m), 1 .5 (3 H, m), 1 .23 (3 H, m), 0.89 (6 H, m). 

Example 35 

Compound 35: To a sohition of compound 34 (40 mg) in CH3CN /DMSO (1 mL/0.5 mL) 
was added 1.0 M PBS buffer (5 mL), followed by esterase (200 pL). The mixture was heated 
at 40"C for 48 hours. The mixture was purified by reverse phaseHPLC to give compound 35 
(11 mg). 



SUBSTITUTE SHEET (RULE 26) 



wo 2004/096818 

Scheme? 



539 



PCT/EP2003/012423 




I. a.SOCl2/toluene/60 C; b. P(OEt)3/toluene/120 C; 

II. a. compound Um^;b. NaBH4/EtOH/HOAc; c. 2% HF/CH3CN 



Example 36 

Compound 36: Compound 36 was purchased fiom Aldrich. 
Exainpl^ 

Compound 37: To a solution of compound 36 (5.0 g, 40 mmol) in chloroform (50 mL) was 
added thionyl chloride (12 mL) slowly. TTie mixture was heated at 60"C for 2.5 hours. The 
mixture was concentrated under reduced pressure to give a yellow soUd. To the suspension 
of above solid (52 g, 37 mmol) in toluene (250 mL) was added triethyl phosphite (19 mL, 
370 mmol). The mixture was heated at 12(fC for 4 hours, and was concentrated under 
reduced pressure to give a brown soUd. The soUd was dissolved in EtOAc, and was basified 
with 1.0 N NaOH. The organic phase was separated and was washed with water (2x) and 
brine, and was dried over MgS04. Purification by flash column chromatography 
(CHiCl/iPrOH = 9/1) gave compound 37 (4.8 g). 
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Compound 38: To a solution of compound 14 (100 mg, 0.16 mmol) and compound 37 (232 
mg. 0.74 mmol) in CHjCfc (1 mL) at -40''C was added triflic anhydride (40 jiL, 0.24 mmol) 
slowly. Hie mixture was wanned to IS'C slowly, and was stirred for 12 hours. ITie mixture 
was concentrated, and v«as diluted with EtOH/EtOAc (2 mL/0.4 mL). To the above solution 
at O'C was added sodium borohydride (91 mg) in portions. The mixture was stirred at O^C for 
3 hours, and was diluted with EtOAc. Hie mixture was washed with saturated sodium 
bicarbonate, water, and brine, and was dried over MgS04. Purification by flash column 
chromatograph (CHaCfc/iPrOH = 100/5 to 100/10) gave the intermediate (33 mg). To the 
solution of above intermediate in acetonitrile (2.5 mL) was added 48% HF/ CHjCN (0. 1 mL). 
TTic mixture was stirred for 30 minutes, and was diluted with EtOAc. Hie organic solution 
was washed with 0.5 N sodium hydroxide, water, and brine, was dried over MgS04. Puri- 
fication by reverse HPLC gave compound 38 (12 mg): 'H NMR (CDClj) 8 7.72 (2 H, d, J = 
8.9 Hz), 7.02 (2 H. d. J = 8.9 Hz). 5.70 (1 H. m), 5.45 (1 H. m), 5.05 (1 H. m), 4.2-3.4 (19 H. 
m). 3.4-2.8 (5 H. m), 2.45-220 (4 H. m), 2.15-1.81 ( 5 H. m). 1.33 (6 a m), 0.89 (6 H, m). ' 
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I. a..SOCl2/loluene/60 C; b. AfOH/pyridine; Ik aNaOHn-HF/HjO; b. HCI; 

III. b.SOCl2/toluene«0 C; aethyl lactete/jsyricOne; IV. H2/10%Pd-C/EtOAc/HOAc- 

V. a. compound 6/MgS04; b. HOAc/NaCNBHa 



Example 39 

Compound 39 was prepared by the methods of the previous Examples. 

Example 40 

Compound 40: To the suspension of compound 39 (4.25 g, 16.4 mmoO in toluene (60 mL) 
was added thionyl chloride (7.2 mL, 99 mmol), foUowed by DMF (a few drops). The 
reaction mixture was heated at eS^C for 5 hrs, and evaporated under reduced pressure. TTie 
mixture was coevapoiated with toluene (2x) to a£fon) a brown soKd. To the solution of the 
brown soUd in CH2CI2 (60 ml) at 0»C was added 2.6-dimelhylphenoI (8. 1 g, 66 mmol). 
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foUowed by slow addition of pyridine (8mL. 99 nunol). He reaction mixtuie was allowed to 
wannto25»Candstiiredforl4hre. Solvents were removed under reduced pressme. The 
imxture was diluted with EtOAc. and washed with w^ (3x) and brine (Ix). and dried over 
MgS04. Purification by flash column chromatography (hexanes/EtOAc = 3/1 to 1/1) 
afforded compound 40 (1.38 g), 

Exam plft 41 

Compomid41: To a solution of compound 40 (lJ8g. 1.96 mmol) in THF (6 mL) was added 
3.55 mL of 1 .0 N NaOH solution. The mixture was stirred at 25°C for 24 hours, and THF 
was removed under reduced pressure. The mixture was dUuted with water, and was washed 
with EtOAc (3x). Hie aqueous phase was cooled to Q-'C. and was acidified with concentrated 
HClimtilpH=l. Tlie aqueous was extracted with EtOAc (3x). The combined organic layer 
was washed with water (Ix) and brine (IxX and dried over MgSO*. Concentration under 
reduced pressure gave compound 41 as a white solid (860 mg). 

Example 42 

Compound 42: To a suspension of compomid 41 (1.00 g. 2.75 mmol) in toluene (15 mL) was 
added thionyl chloride (UOmL. 16.5 mmol). followed by DMF (3 drops). He mixture was 
heated at 65''C for 5 hours. ITie solvent and reagent were removed mider reduced pressure 
The mixture was coevaporated with toluene (2x) to give a brown solid. To the solution of the 
above solid in CH^Cfc (1 1 mL) at O^^C was added ethyl (s>Iactate (1.25. 1 1 mmol). followed 
by pyridine (1.33 mL, 16.6 mmol). The mixture was wanned to 25''C and stirred for 12 
hours. The reaction mixture was concentrated under reduced pressure, and was diluted with 
EtOAc. The organic phase was washed with 1 N HCl. water, and brine, and was dried over 
MgS04. Pmification by flash column chromatogi^hy (hexanes/EtOAc = 1.5/1 to 1/1) gave 
compound 42 (470 mg). 

Exfltnp lft 

Compound 43: To a solution of compound 42 (470 mg) in EtOH (10 mL) was added 10% 
palladium on carbon (90 mg). followed by acetic acid (150 mL). Tlie mixture was 
hydrogenated for 6 hours. Tbs mixture was stirred with celite for 5 mins. and was filtered 
Umnjgh a pad of ceUte. Concentration under reduced pressure gave compound 43 (400 mg). 
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Compound 44: To a solution of compound 6 (551 mg, 0.93 mmol) in U-dichloroethane (4 
mL) was added compound 43 (400 mg. 1 .0 mmol), Mowed by MgS04 (1 g). The mixture 
was stirred for 3 hours, and acetic acid (148 ji) and sodrom cyanoborohydride (11 7 mg, 1 .86 
mmol) were added sequentiaUy. The mixture was stiired for 1 hour. The mixture was diluted 
with EtOAc, and was washed with saturated sodium bicarbonate solution, water (3x) and 
brine, and was dried over MgS04. Purification by flash column chromatography (EtOAc to 
EtOAc/EtOH = 9/1) gave compound 44. Compound 44 was dissolved m CH2CI2 (25 mL), 
and trifluoroacetic acid (100 nL) was added. The mixture was concentraled to give 
compound 44 as a TFA salt (560 mg): 'h NA4R (CDCI3) 8 7.74 (2 H, m), 7.39 (2 H, m), 7.20 
(2 H, m), 7.03 (5 H, m), 5.68 (1 H, m), 5.43 (1 H. m), 5.01 (1 H, m), 4.79 (1 H, m), 4.35-420 
(4 H, m). 4.18-3.4 (1 1 H, mX 3.2-2.6 (9 H, m). 2.30 (6 H, m), 1 .82 (1 H, m). 1.70 (2 H, m), 
1.40-1.18 (6 H, m), 0.91 (6 H, m). 
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I. b.SOCl2/toluene/60 C; cpropyl (s)-lactate/pyrldine- 

II. H2/10%Pd-C/EtOAc/HOAc: 

III. a. compound 6/MgS04; HOAc/NaCNBHa 



Eyamplft 4^ 

Compound 45: To a suspension of compound 41 (863 m& 2.4 mmol) in toluene (13 mL) was 
added thionyl chloride (l.OmL. 14.3 mmol). followed by DMF (3 drops). Hie mixture was 
heated at 65»C for 5 hours. The solvent and reagent were ranoved under reduced pressme. 
The mixture was coevaporated with toluene (2x) to give a brown sohd To the solution of the 
above solid in CH2CI2 (10 mL) at 0*C was added propyl (s)-lactate (1.2mL. 9.6 mmol), 
foUowed by triethylamine (2.0 mL, 14.4 mmol). The mixture was warmed to 25'C and 
sthred for 12 hours. The reaction mixture was concentrated under reduced pressure, and was 
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diluted with EtOAc. The organic phase was washed with water and brine, and was dried over 
MgS04. Purification by flash column chromatography (hexanes/EtOAc = 1.5/1 to 1/1) gave 
compound 45 (800 mg). 

Rxamplft dd 

Compound 46: To a solution of compound 45 (785 mg) in EtOH (1 7 mL) was added 1 0% 
palladium on carbon (150 mg), foUowed by acetic acid (250 ^L). The mixture was 
hydrogenated for 16 hours. ITie mixture was stirred with celite for 5 mins, and was filtered 
throu^ a pad of ceUte. Concentration under reduced pressure gave compound 46 (700 mg). 

Example 47 

Compound 47: To a solution of compound 6 (550 mg, 0.93 mmol) in 1,2-dichloroethane (4 
mL) was added compound 43 (404 mg, 1.0 mmol), followed by MgSO* (1 g). Hie mixture 
was stirred for 3 hours, and acetic acid (148 jiL) and sodium cyanoborohydride (1 1 7 mg, 1 .86 
mmol) were added sequentially, llie nuxture was stirred for 1 hour. The mixture was diluted 
with EtOAc, and was washed wifli saturated sodium bicarbonate solution, water (3x) and 
brine, and was dried over MgS04. Purification by flash column chromatography (EtOAc to 
EtOAc/BtOH = 9/1) gave compound 47. Compound 47 was dissolved in CH2CI2 (25 mL), 
and trifluoroacctic add (100 ^iL) was added. The mixture was concentrated to give 
compound 47 as a TFA salt (650 mg): »H NMR (CDCI3) 5 7.74 (2 H, m), 7.41 (2 H, m), 
725-7.1 (2 H, m). 7.02 (5 H, m), 5.65 (1 H, m), 5.50 (1 H, m). 5.0^.75 (2 H, ml 4.25-4.05 
(4 H, m), 4.0-3.4 (1 1 H, m), 32-2.6 (9 H. m), 2.31 (6 H, m). 1.82-1.51 (3 H, m), 1.45-1.2 (5 
H,m),0.93(9H,m). 
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Example 48 

Compound 48 was made by tbe meliwds of tbe previous Exampl 



es. 



Example 49 

Compound 49: To a solution of compound 48 (100 mg. 0.13 mmol) in pyridine (0.75 mL) 
was added L-alanine methyl ester hydrochloride (73 mg. 0.52 mmol). followed by DCC (16 1 
mg, 0.78 mmol). The mixture was heated at 60»C for 1 hour. The mixture was ^uted with 
EtOAc, and was washed with 0.2 N HQ. water. 5% sodimn bicarbonate, and brine, and was 
dried over MgSO*. Purification by flash column chromatography (CHaClj/iPrOH = 1 00/5) 
gave compound 49 (46 mg): 'h NMR (CDCI3) 6 7.73 (2 H,m), 7.38-7.18 (7 H, m), 7.03 (2 
a m). 6.89 (2 H. m). 5.68 (1 H, m\ 5.05 (1 H. m), 4.95 (1 H, m). 4.30 (3 H. m). 4.0-3.6 (12 
H, m), 32-2.8 (7 H, m), 1.84-1.60 (3 H, m). 138 (3 H, m). 0.93 (6 H, m). 

Example SO 

Compound 50: To a solution of compound 48 (100 mg. 0. 13 mmol) m pyridine (0.75 mL) 
was added methyl (s>lactate (41 mg, 0 J9 mmol). followed by DCC (81 mg, 0 J9 mmol). 
The mixture was heated at 60»C for 2 hours, and pyridine was removed under reduced 
pressure. The mixture was diluted with EtOAc (5 mL), and was filtered. Purificationby 
flash column chromatography (CH^CyiPrOH = 100/5) gave compound 50 (83 mg): 'H 
NMR (CDCI3) 8 7.74 (2 H, m), 7.38-7.14 (7 H, m). 7.02 (2 H. m). 6.93 (2 H. m). 5.67 (1 H 
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m), 5.18 (1 H, m), 5.04 (1 H. m), 4.92 (1 H. m), 4.5 (2 H, m), 4.0-3.68 (12 H. m), 32-2.75 (7 
H, ml 1.82 (1 H, m), 1.75-1.50 (5 H, m), 0.93 (6 H, m). 

Scheme 11 




O 



I. Benzot^azo^1-yloxytripy^•olidi^ophosphoniumhexafluorophosphate/ROH/iPr2NEt■ 

II. 1 5% HF/CH3CN; III. Compound 48/DCC/pyridine/60 C: IV. a. H9/10%Pd-C- 

b. NaBHaCN/HCHO/HOAc 



Example 51 

Compound 51: To a solution of benzyl (s)-lactate (4.0 g, 20 mmol) in DMF (40 mL) was 
added imidazole (2.7 g. 20 mmol), followed by tert-butyldimethykilyl chloride (33 g, 22 
mmol). The mixture was stirred for 14 hours, and diluted with EtOAc. The organic phase 
was washed with 1.0 N HCl solution (2x), water (2x). and brine (IxX and dried over MgSO*. 
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Concentration gave the lactate intermediate (6.0 g). To the solution of the above intermediate 
in EtOAc (200 mL) was added 10% PaUadium on carbon (700 mg). The mixture vras 

hyd«,genatedfor2hours. The mixture was stirred with celite for 5 minutes, and was filtered 
through a pad of celite. ConcenHation gave compound 51 (3.8 g). 

Example 52 

Compomui 52: To a sohition of compound 51 (1.55 g, 7.6 mmol) in CH2CI2 (20 mL) was 
added 4-benzyloxycarbonylpiperidi0eethanol (2.00 g. 7.6 mmol). followed by benzotriazoH- 
yloxytripytrolidinophosphonium hexafluorophosphate (4.74 g, 9.1 mmol) and 
diisopropylethylamine (1.58 mL, 9.1 mmol). ITie mixture was stirred fori 4 hours, and 
dichloromelhane was removed. Hie mixture was diluted with EtOAc, and was washed with 
brine, and dried with MgS04. Purification by flash column chromatography (hexanes/BtOAc 
= lO/l) gave compound 52 (1 .50 g). 

Example 

Compound 53: To a solution of compound 52 (1.50 g) in CH3CN was added 58% HF/ 
CH3CN (5 mL). The mixture was stirred for 30 mimites. and acetonitrile was removed under 
reduced pressure. Tte mixture was diluted with EtOAc, and was washed with water and 
brine, and was dried over MgSO*. Purification by flash colmnn chromatography 
(hexanes/EtOAc = 1/1) gave compound 53 (1.00 g). 

Compomid54: Toasohrtionof compom.d48(769mg. 1.0 mmol) in pyridine (6.0 mL) was 
added compound 53 (I.O g, 3.0 mmol). Mowed by DCC (618 mg, 3.0 mmol). The mixture 

washeatedat60«Cfor2hours.andpyiidinewasremovedunderreducedpressure. Tbe 
mixture was diluted with EtOAc (5 mL), and was filtered. Purification by flash column 
chromatography (CHjCViPrOH = 100/4) gave compound 54 (630 mg). 

Example 55 

Compound 55: To a solution of compound 54 (630 mg. 0.58 mmol) in EtOAc (30 mL) was 
added 10% PaUadium on carbon (63 mg), followed by acetic acid (80 mL). The mixture was 
hydrogenated for 2 horns. TTie mixture was stirred with celite for 5 minutes, and was filtered 
through a pad of ceHtfi. Concentration gave the intermediate. To the solution of the above 



SUBSTITUTE SHEET (RULE 26) 



wo 2004/096818 



PCT/EP2003/012423 



549 



intennediate in EtOAc (1 0 mL) was added 37% fonnaldehyde (88 jiL, 1 .1 8 mmol), foflowed 
by acetic acid (101 fiL, 1.77 mmol). The mixture was cooled to 0°C, and sodium 
cyanoborohydride (74 mg. 1 . 1 8 mmol) was added. The mixture was stirred at 25''C for 80 
minutes, and was diluted with EtOAc. Hie mixture was washed with water and brine, and 
was dried over MgS04. Concentration gave compound 55 as a white solid (530 mg): 'h 
NMR (CDCI3) 5 7.74 (2 H. m). 7.40-7.15 (7 H. m). 7.03 (2 H, m). 6.92 (2 H, m), 5.66 (1 H, 
m), 520-5.00 (3 H, m), 4.58 -4.41 (2 H. m), 4.16 (2 H, m), 4.0^3.7 (9 H. m), 3.4-2.6 (14 H, 
m), 1 .90-1 .50 (13 H, m), 0.92 (6 H, m). 



Scheme 12 




57 R = -IhvI \) 



58 R= -^N 



/ 
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I. RaNOH/DCC/pyridine 



Example 56 

Compound 56 was made by the mefliods of 4e previous Examples. 
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Example 57 

Compound 57: To a solution of compound 56 (100 mg, 0.12 mmol) in pyridine (0.6 mL) was 
added N-hydroxymorpholine (50 mg, 0.48 nunol), followed by DCC (99 mg, 0.48 mmol). 
The mixture was stirred for 14 hours, and pyridine was removed under reduced pressure. The 
mixture was diluted with EtOAc, and was filtered. Purification by flash column 
chromatography (CH2Cl2/iPrOH = 100/5) gave compound 57 (53 mg): NMR (CDCI3) 8 
7.71 (2 H, d, J - 8.6 Hz), 7.15 (2 H, d, J = 7.6 Hz), 6.99 (2 H, d, J = 8.8 Hz), 6.90 (2 H, m). 
5.67 (1 H, m), 5.18 (1 H, m), 5.05 (1 H, m), 4.95 (1 H, m), 4.58-4.38 (2 a m), 4.21 (2 H, m), 
4.02-3.80 (13 H, m), 3.55-3.38 (2 H, m), 3.2-2.78 (9 H, m), 1.9-1.8 (1 H, m), 1.8-0.95 (5 H, 
m), 129 (3 H, m), 0.93 (6 H, m). 

Example 58 

Compound 58: To a solution of compound 56 (100 mg, 0.12 mmol) in pyridine (0.6 mL) was 
added NJN-Klimethylhydroxylamine hydrochloride (47 mg, 0.48 mmol), followed by DCC (99 
mg, 0.48 mmol). The mixture was stirred for 6 hours, and pyridine was removed under 
reduced pressure. The mixture was diluted with EtOAc, and was filtered. Purification by 
flash column chromatography (CH2Cl2^PiOH = 100/5) gave compound 58 (35 mg). ^H miR 
(CDCI3) 5 7.71 (2 H, d, J = 8.9 Hz), 7.15 (2 H, d, J = 8.2 Hz), 6.99 (2 H, d, J =8.4 Hz), 6.89 
(2 H, m), 5.65 (1 H, d, J = 5.2 Hz), 5.15 (1 H, m), 4.98 (2 H, m), 4.42 (2 H, m), 4.18 (2 H, m), 
4.0-3.6 (9 H, m), 3.2-2.7 (13 H, m), 1.92-1.45 (6 H, m), 125 (3 a m\ 0.90 (6 H, m). 
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Scheme 13 




R = Me, Et, Pr, i-Pr; Ri = H, Me, Et. i-Pr; Ar = phenyl, 2, 6-climethylphenyl 



I. a. CbzCI/NaOH; b..SOCl2/toluene/60 C; c. ArOH/pyridine; II. a.NaOH/THF/H20; b. HCI 
III. a.SOCl2/toluene/60 C; b.alkyll lactate/pyridine; IV. H2/10%Pd-C/EtOAc/HOAc; 
V. a. compound 6/MgS04; b. HOAc/NaCNBHa 



Aminomethylphosphonic acid S9 is protected as benzyl caibamate. The phosphonic 
add is treated with thionyl chloride to generate dichloridate, which reacts with phenol or 2,6- 
dimethylphenol to give compound 60. Compound 60 is hydrolyzed with sodium hydroxide, 
followed by acidification to afford monoacid 61. Monoacid 61 is treated with diionyl 
chloride to graerate monochloridate, whidi reacts with different alkyl (s)-iactates to form 
compound 62. Compound 62 is hydrogenated with 10%Pd-C in the presence of acetic acid to 
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give compound 63. Compound 63 rearts ^th aldehyde 6 in the presence of MgSO^ to fom» 

imine. which is «duced with sodium cyanoborohydride to generate compound 64. 
Scheme 14 
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l.a. n-BuU; b. compound 15; II. Hz/KW&Pd-C/HOAc; IV. PPhg/DEAD 
Compomid 65 is prepared from 2.hydroxy-5-bromopyridine by alkylation. J. Med 
Chem. 1992, 35. 3525. Compound 65 is treated with n-Butyl lithium to generate aryl lithium 
Whichreacts>vithaldehydel5tofoimcompound66. J.MedChem. 1994,37.3492 
Compound 66 is hydrogenated with IO%Pd-C in the presence of acetic add to'give 
compound 67. J. Med. Chem. 2000. 43. 721. Compound 68 is prepared &>m compound 67 
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cozxesponding alcohol under Mitsunobu reaction conditions. Bioorg. MedChem Lett 
1999. 9. 2747. 



Scheme 1 
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Example 1 

Mefliyl 2-(S)-(dimethyletiioxycarbonylammo)-3-(4-py^^ (2): A solution of N- 

tert-ButoxycarbonyM-pyridylalanine (1, 9.854 g, 37 mmol, Peptech), 4- 
dimethylaminopyridine (4.52 g, 37 mmol, Aldrich), and dicyclohexylcarbodiimide (15.30 g, 
74.2 mmol, Aldrich) in metiianol (300 mL) was stirred at 0°C for 2 h and at room 
temperature for 12 h. After the solids were removed by filtration, the filtrate was concentrated 
under reduced pressure. More dicyclohexylurea was removed by repeated trituration of the 
concentrated residue in EtOAc followed by filtration. The residue was chromatographed on 
silica gel to afford the methyl ester 2 (9.088 g, 88%): NMR (CDCI3) 5 8.53 (d, 2H, J= 5.7 
HzX 7.09 (d, 2H, J= 5.7 Hz), 5.04 (hr, IH), 4.64 (br, IH), 3.74 (s, 3H), 3.16 (dd, IH, 7= 13.5 
and 5.7 Hz), 3.02 (dd, IH, J= 13.5 and 6.3 Hz), 1.42 (s, 9H); MS (ESI) 281 (M+H). 

Example 2 

l<Jhloro-3-(iS)-(dimethylethoxycarbonylamino)-4--(4-pyridyl)-2"(iS)-bm (3): A solution 
of diisopropylamine (37.3 mL, 266 mmol, Aldrich) in THF (135 mL) was stured at-78°C as 
a solution of «-butylIitiuum (102 mL of 2.3 M solution and 18 mL of 1.4 M solution 260 
mmol, Aldrich) in hexane was added. After 10 min, the cold bath was removed and stiired 
the solution for 10 min at the ambient temperature. The solution was cooled at -li^C again 
and stirred as a solution of chloroacetic acid (12.255 g, 130 mmol, Aldrich) in THF (50 mL) 
was added over 20 min. After the solution was stirred for 1 5 min, this dianion solution was 
transferred to a stiired solution of the methyl ester 2 (9.087 g, 32.4 mmol) in THF (100 mL) 
at 0°C over 15 min. The resulting yellow slurry was stirred at O^'C for 10 min and cooled at - 
78°C. A solution of acetic acid (29 mL, 507 mmol, Aldrich) in THF (29 mL) was added 
quickly to tiie slurry and the resulting slurry was stirred at-78°C for 30 min, at 0**C for 30 
min, and at room temperature for 15 mm. The resulting slurry was dissolved m saturated 
NaHCOs solution (750 mL) and EtOAc (500 mL). The separated aqueous layer was 
extracted with EtOAc (300 mL x 2) and the combined organic firactions were washed with 
water (750 mL x 2) and saturated NaCl sohition (250 mL). The resulting solution was dried 
(MgS04) and evaporated under reduced pressure. 

A solution of the residue in THF (170 mL) and water (19 mL) was stirred at 0°C as NaBHt 
(3 J75 g, 89.2 mmol, Aldrich) was added. After 30 min, the solution was evaporated under 
reduced pressure and the residue was dissolved in EtOAc, acidified with aqueous NaHS04, 
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and then neutralized by adding saturated aqueous NaHCOs solution. The separated aqueous 
ftaction was extracted with EtOAc (100 mL) and the combined organic fiactions were 
washed with water (500 mL) and saturated NaCl solution (100 mL). The solution was dried 
(MgS04) and ev^orated under reduced pressure. The residue was chnmiatographed oa 
silica gel to afford the chlorohydiin 3 and 4 (4.587 g, 47%) as 8 mixture of two diastereomers 
(3~4:1). The obtained mixture was recrystallized from EtOAc-hexane twice to obtain pure 
desired diastereomer 3 ^.444 g, 25%) as yellow crystals: 'H NMR (CDCI3) 5 8.53 (d, 2H, J 
= 5.7 Hz), 7.18 (d, 2H, J= 5.7 Hz), 4.58 (hr, IH), 3.94 (m, IH), 3.87 (br, IH), 3.75-3.54 (m, 
2H), 3.05 (dd, IH, J= 13.8 and 3.9 Hz), 2.90 (dd, IH. J= 13.8 and 8.4 Hz), 1.36 (s. 9H); MS 
(ESI) 301 (M+H). 

Example 3 

The epoxide 5: A solution of the chlorohydrin 3 (1.171 g, 3.89 mmol) in ethanol (39 mL) was 
stirred at room temperature as 0.71 M KOH m edianol (6.6 mL) was added. After 1 .5 h, tte 
mixture was concentrated under reduced pressure and the residue was dissolved in EtOAc (60 
mL) and water (60 mL). The sqjarated aqueous fiaction was extracted with EtOAc (60 mL) 
and the combined organic j&actiMJS were washed with saturated NaCl solution, dried 
(MgS04), and concentrated under reduced pressure to obtain the epoxide (1 .058 g, 
quantitative): 'HNMR (CDCI3) 8 8.52 (d, 2H, J= 6.0 Hz). 7.16 (d, 2H. J= 6.0 Hz). 4.57 (d, 
m,J= 7.8 Hz), 3.76 (br, IH), 3.02-2.92 (m, 2H), 2.85-2.79 (m, 2H). 2.78-2.73 (m, IH), 1.37 
(s, 9H); MS (ESI) 265 (M+H). 

Example 4 

The hydroxy-amine 6: A solution of the epoxide 5 obtained above and /'BuNHj (3.9 mL, 
392 mmol, Aldrich) in 58 mL of /-PrOH was stirred at eST for 2 h and the solution was 
concentrated under reduced pressure. The residual /-PrOH was removed by dissolving the 
residue in toluene and concentration of Hm solution twice: 'h NMR (CDCI3) 5 8.5 1 (d, 2H, J 
= 6.0 Hz), 7.1 8 (d. 2H. J= 6.0 Hz), 4.70 (d. IH, 7= 9.6 Hz). 3.86 (br. IH), 3.46 (q, IH, J= 
5.8 Hz), 3.06 (dd, IH, J= 14.1 and 3.9 Hz), 2.79 (dd, IH, 7= 14.1 and 9.0 Hz), 2.76-2.63 (m. 
3H), 2.43 (m, 2H, J= 6,9 Hz), 1.73 (m, IH, J= 6.6 Hz), 1.36 (s, 9H), 0.93 (d, 3H, J= 6.6 
Hz), 0.92 (d, 3H, J= 6.6 Hz); MS (ESI) 338 (M+H). 
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Examples 

The sulfoamide 7: A solution of the crude 6 and /^-meflioxybenzene sulfonyl chloride (890 
mg, 4.3 1 mmol, Aldiich) in CH2CI2 (24 mL) was stirred at 0°C for 2 h and at room 
temperature for 13 L The solution was washed with saturated NaHCOs solution and the 
aqueous washing was extracted with CH2C12 (60 mL). Afier the combined organic fiactions 
were dried (MgS04) and concentrated under reduced pressure, the residue was purified by 
chromatography on silica gel to obtain the sulfoamide 7 (1.484 g, 75%): NMR (CDCI3) 8 
8.51 (d, 2H, J= 5.7 Hz). 7.73 (d, 2H, J= 8.7 Hz), 7.21 (d, 2H, J= 5.7 Hz), 7.00 (d, 2H, J= 
8.7 Hz), 4.68 (d, IH, 7= 8.1 Hz), 4,08 (hr, IH), 3.88 (s, 3H), 3.83 (hr. 2H), 3.09 (d, 2H, J= 
5.1 Hz), 3.06-2.80 (m, 4H), 1.85 (m, IH, J= 7.0 Hz), 1 J4 (s, 9H), 0.92 (d, 3H, 7= 63 Hz), 
0.89 (d, 3H, /= 6.6 Hz); MS (ESI) 508 (M+H). 

Example 6 

The bisfiirancarbamate 9: A solution of the sulfoamide 7 (1.484 g, 2.92 mmol) and 
trifluoroacetic acid (6.8 mL, 88.3 mmol, Aldrich) in CH2CI2 (18 mL) was stirred at room 
temperature for 2 h. After the solution was evaporated under reduced pressure, the residue 
was dissolved in acetonitrile (10 mL) and toluene (10 mL), and evaporated to dryness twice 
to result crude amine as TFA salt. A solution of the cnide amine, dhnethylaminopyridme (72 
mg, 0.59 mmol, Aldrich), diisopropylethylamme (2.55 mL, 14.6 mmol. Aldrich) in 
acetonitrile was stirred at OX as the hisfarancarbonate 8 (907 mg. 3.07 mmol, obtained fiom 
Azar) was added m portion. The solution was stirred at 0°C for 1 h and at room temperature 
for 19 h, and c<Micentrated under reduced pressure. The residue was dissolved in EtOAc (60 
mL) and washed with saturated NaHCOj solution (60 mL). After the aqueous washing was 
extracted with EtOAc (60 mL), the combined organic fractions were washed with saturated 
NaHCOa (60 mL) and saturated NaCl solution (60 mL), dried (MgSO^, and concentrated 
under reduced pressure. Hie residue was purified by chromatography on silica gel to obtain 
the carbamate 9 (1.452 g, 88%): 'H NMR (CDaj) 5 8.50 (d, 2H, J= 5.7 Hz), 7.72 (d, 2H, J 
= 8.7 Hz), 7.19 (d, 2H, J= 5.7 Hz), 7.01 (d. 2H, 7 = 8.7 Hz), 5.65 (d, IH, J= 5.1 Hz). 5.12 (d, 
lH,/= 9.3 Hz), 5.02 (q, IH, J= 6.7 Hz), 4.01-3.77 (m. 4H), 3.88 (s. 3H), 3.76-3.63 (m, 2H), 
3.18-2.76 (m, 7H), 1.95-1.77 (m, IH), 1.77-1.56 (m, 2H), 1.56-1.41 (m, IH). 0.94 (d, 3H, J= 
6.6 Hz), 0.90 (d, 3H, J= 6.9 Hz); MS (ESI) 564 (M+H). 
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Scheme 2 
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Exam plR 7 

The tetrahydiopyridme-diethyl phosphonate 1 1 : A solution of the pyridine 9 (10.4 mg, 0.018 
mmol) and the triflate 10 (8.1 mg, 0.027 mmol, in acetone-de (0.75 mL) was stored at room 
temperature for 9 h and the solution was concentrated xmder reduced pressure: ^ 'P NMR 
(acetone-da) 8 14.7; MS (ESI) 714 (M^. The concentrated crude pyridinium sah was 
dissolved in ethanol (2 mL) and stirred at room temperature as NaBH4 (-10 mg, Aldrich) was 
added occasionally over 4 h. To flie mixture was added a soMon of acetic add (0.6 mL, 
Aldiich) in ethanol (3 mL) until the pH of the mixture became 3~4. More NaBRi and acetic 
acid were added until the reaction was completed. The mixture was carefully concentrated 
undcsr reduced pressure and the residue was dissolved in saturated NaHC03 solution (1 0 mL). 
nie product was extracted using EtOAc (10 mL x 3) and washed with saturated NaQ 
solution, dried (MgS04), and concentrated under reduced pressure. The residue was purified 
by «ihromatography on silica gel to obtain the product 11 (8.5 mg, 64%): 'H NMR (CDClj) 8 
7.73 (d, 2H, y = 8.7 Hz), 7.00 (d, 2H, J= 8.7 Hz), 5.71 (d, IH. J= 5.1 Hz), 5.41 (hr, IH), 
5.15-5.08 (m, IH), 5.00 (hr, IH), 4.14 (dq, 4H, J= 7.2 Hz), 4.06-3.94 (m. 2H), 3.88 (s, 3H). 
3.92-3.80 (mi 2H), 3.75 (dd, IH, J= 9.6 and 6.6 Hz), 3.79-3.61 (m, IH), 3.24-2.94 (m, 6H), 
2.85 (d, 2H, J= 11.7 Hz), 2.88-2.76 (m, 2H), 2.75-2.63 (m, IH), 2.38-229 (m, IH), 224- 
2.2.12 (m, 2H), 2.12-1.78 (m, 4H), 1.30 (t, 6H. J= 7.1 Hz), 0.94 (d, 3H, J= 6.6 Hz), 0.91 (d, 
3H, J= 6.3 Hz); ^'P NMR (CDCI3) 8 24.6; MS (ESI) 740 (M+Na). 
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1) TfOCH2PO{OBn)2(12) 
9- ^ 



2) NaBH4, AcOH, EtOH ^ ^ 




Hz. Pd/C 



EtOH/EtOAc (1/4) 




14 

GS192711 



Example 8 



The tetrahydropyridine-dibenzyl phosphonate 13: The cximpound 13 was obtained by the 
same ptoceduie as described for compound 11 using fbe pyridine 9 (1 0.0 mg, 0.01 8 mmol) 
and tiie triflate 12 (9.4 mg, 0.022 mmol). Tbs product 13 was purified by preparative TLC to 
afford the dibenzyl phosphonate 13 (8.8 mg, 59%): 'h NMR (CDCI3) 6 7.73 (d, 2H, J= 8.7 
Hz), 7.35 (s, lOH), 7.00 (d, 2H. J= 8.7 Hz), 5.65 (d, 1H2H, J= 5.1 Hz). 5.39 (hr. IH). 5.15- 
4.92 (m, 6H), 4.03-3.77 (m, 6H), 3.77-3.62 (m, 2H), 3.56 (br, IH), 324-2.62 (m. 9H)» 2.32 
(d, IH, J= 13.5 Hz). 2.24-1.75 (m, 6H), 0.94 (d, 3H. J= 6.6 Hz). 0.89 (d, 3H,y= 6.3 Hz); 
^^P NMR (CDCI3) 8 25.5; MS (ESI) 842 (M+H). 

Example 9 

The phosphonic acid 14: A mixture of the dibenzyl phosphonate 13 (8.8 mg, 0.01 1 mmol) 
and 10% Pd/C in EtOAc (2 mL) and EtOH (0.5 mL) was stirred under H2 atmosphere for 10 
h at room temperature. After the mixture was filtered through celitc, the filtrate was 
concentrated to dryness to afford the product 14 (6.7 mg, quantitative): 'H NMR (CD3OD) 8 
7.76 (d, 2H, J= 9.0 Hz). 7.10 (d, 2H. J= 9.0 Hz), 5.68 (d, IH, J= 5.1 Hz), 5.49 (br, IH), 
5.11 (m, IH). 3.90 (s, 3H). 4.04-3.38 (m, lOH), 3.22 (d, 2H, J= 12.9 Hz). 3.18-3.00 (m, 2H). 
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2.89-2.75 (m, 2H), 2.68-230 (m, 3H), 2.21-1.80 (m, 4H), 0.92 (d, 3H, J= 6.3 Hz), 0.85 (d, 
3H, J= 6.3 Hz); ''P NMR (CD3OD) 8 6.29; MS (ESI) 662 (M+H). 



Scheme 4 
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Rvam ple 10 

Diphfinylbenzyloxymethylphosphonate 15: To a solution of diphenylphosphite (46.8 g, 200 
mmol, Aldrich) in acetonitrile (400 mL) (at ambient temperature) was added potassium 
carbonate (55.2 g, 400 mmol) followed by the slow addition of benzyl chloromethyl ether (42 
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mL, 300 mmol, about 60%, Fluka). The mixture was stined overnight, and was concentrated 
under reduced pressure. The residue was dissolved in EtOAc, washed with water, saturated 
NaCl, dried (Na2S04), filtered and evaporated. The crude product was chromatographed on 
siUca gel to afford the benzylether (6.8 g, 9.6%) as a colorless liquid. 

Example 1 1 

Monoacid 16: To a solution of diphenyl benzyloxymethylphosphonate 15 (6.8 g, 19.1 mmol) 
in THF (100 mL) at room temperature was added IN NaOH in water (21 mL, 21 nmiol). The 
solution was stirred 3 L The THF was evaporated under reduced pressure and water (100 
mL) was added. Hie aqueous solution was cooled to 0°C, neutralized to pH 7 wifix 3N HCI 
and washed with EtOAc. The aqueous solution was again cooled to 0°C, acidified with 3N 
HCl to pH 1. saturated with sodium chloride, and extracted with EtOAc. The organic layer 
was washed with hrine and dried Qia^^), filtered and evaporated, then co-evaporated with 
toluene to yield the monoacid (4.0 g, 75%) as a colorless liquid. 'H NMR (CDCI3) S 728- 
7.09 (m, lOH), 4.61 (s, 2H), 3.81 (d, 2H);. ^^P NMR (CDCI3) 8 20.8. 

Example 1 7 

Ethyl lactate phosphonate 18: To a solution of monoacid 16 (2.18 g,7.86 nunol) in anhydrous 
acetonilrile (50 mL) under a nitrogen atmosphere was slowly added thionyl chbride (5.7 mL, 
78mmol). The solution was stined in a 70T oil bath for three hours, cooled to room 
temperature and concentrated. The residue was dissolved in anhydrous dichloromethane 
(50mL), and this solution cooled to 0°C and stirred under a nitrogen atmosphere. To 4e 
stirring solution was added ethyl (SH-)-lactate (2.66 mL, 23.5 mmol) and triethylamlne (4.28 
mL, 3 1 ,4 mmol). The solution was wranned to room temperature and allowed to stir for one 
hour. The solution was diluted with ethyl acetate, washed with water, hrine, citric acid and 
brine again, dried (MgSO*), filtered through CeUte, concentrated under reduced pressure and 
chromatographed on siHca gel using 30% ethylacetate m hexane. The two diastereomers 
were pooled together. NMR (CDCI3) 5 7.40-7.16 (m, 20H), 5.18-5.13 (m. 2H), 4.73 (s, 
2H), 4.66 (d, 2H), 4.28-4.1 1 (m, 5H). 4.05 (d, 2H), 3.95 (d. 2H). 1.62 (d, 3H). 1 .46 (d, 3H), 
UO-1.18 (m. 6H); ^'P NMR (CDCIj) 6 19.6, 17.7. 
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Example 13 

Ethyl lactate phosphonate with free alcohol 19: Ethyl lactate phosphonate 1 8 was dissolved 
in EtOH (5QmL) and under a nitrogen atmosphere 10% Pd-C (approximately 20 wt %) was 
added. The nitrogen atmosphere was replaced with hydrogen (latm) and the susfpension 
stirred for two hours. 1 0% Pd-C was again added (20 wt %) and the snqjension stirred five 
hom:s longer. Celite was added, the reaction mixture was filtered through Celite and the 
filtrate was concentrated to afford 1.61 g (71% firom monoacid 16) of the alcohol as a 
colorless Kqiiid. ^HNMR(CDCl3) 6 7.40-7.16 (m, 1 OH), 5.16-5.03 (m, 2H), 4.36-4.00 (m, 
8H), 1.62 (d, 3H), 1.46 (d, 3H), 1.30-1 .22 (m, 6H); ^^P NMR (CDCI3) 5 22.3, 20,0. 

Example 14 

Inflate 20: To a solution of ethyl lactate phosphonate with free alcohol 1 9 (800 mg, 2.79 
mmol) in anhydrous dichloromethane (45 mL) chilled to -40°C under a nitrogen atmosphere 
was added triflic anhydride (0.516 mL, 3.07 mmol) and 2-6 lutidine (0.390 mL, 3.34 mmol). 
The solution was stirred for 3 hr, then warmed to -20'^C and stirred one hour longer. O.l 
equivalents of triflic anhydride and 2-6 lutidine were then added and stirring was resumed for 
90 minutes more. The reaction mixture was diluted with ice-cold dichloromethane, washed 
with ice-cold water, washed with ice^ld brine and the organic layer was dried (MgSOa) and 
filtered. The filtrate was concentrated and dffomatographed on silica gel using 30% EtOAc 
in hexane as eluent to afford 602 mg (51%) of the triflate diastcrcomers as a sli^tly pink, 
transparent Uquid. NMR (CDCU) 5 7.45-7.31 (m,4H), 7.3 1 -7.1 9 (m,6H), 5.1 5-4.75 (m, 
6H), 4.32-4.10 (4H), 1.62 (d, 3H), 1.50 (d, 3H), 1.30-1.22 (m, 6H); ^^P NMR (CDCI3) 
5 10.3, 8.3. 

Example 15 

The tetrahydropyridine-prodnig 21 : A solution of ttie pyridine 9 (1 1 .1 mg, 0.020 mmol) and 
the triflate 20 (1 1.4 mg, 0.027 mmol) in acetone-d6 (0.67 mL, Aldrich) was stored at room 
temperature for 7 h and the solution was concentrated under reduced pressure: ^'P NMR 
(acetone-dfi) 8 1 1 .7, 10.9; MS (ESI) 838 QA-^H). The concentrated crude pyridinium salt was 
dissolved in ethanol (1 mL) and added 2-3 drops of a solution of acetic acid (0.6 mL, 
Aldrich) in ethanol (3 mL). The solution was stirred at 0°C as NaBH4 (7-8 mg, Aldrich) was 
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added. More acetic acid solution was added to adjust pH 3^ of the reaction mixture. 
Additions of NaBH4 acetic acid solution were repeated until the reaction was 

completed. The mixture was carefully concentrated under reduced pressure and the residue 
was purified by chromatography on CI 8 reverse phase column material followed by 
preparative TLC using C18 reverse phase plate to obtain the prodrug 21 (13.6 mg, 70%) as a 
2:3 mixture of two diastereomers: NMR (CD3CN) 5 7.78 (d, 2H, 7= 9.0 Hz), 7.48-7.42 
(m, 2H), 7 J5-7.27 (m, 3H), 7.10 (d, 2H, 9.0 Hz), 5.86 (m, IH), 5.60 (m, IH), 5.48 (br, 
IH), 5.14-5.03 (m, 2H), 4.29-4.13 (m. 2H), 3.89 (s, 3H), 3.97-3.32 (m, 12H), 3.29 (br, 0.4H), 
3.24 (br, 0.6H), 3.02-2.82 (m, 4H), 2.64-2.26 (m, 3H), 2.26-2.08 (m, IH), 1.94-1.76 (m, 3H), 
1.57(d, 1.8H, J=6.9Hz), 1.46(d, 1.2H, 7=6.9 Hz), U8(d, 1.2H,y=6.9Hz), 1.21 (d, 
1.8H,y = 7.2 Hz), 0.92-0.88 (m, 6H); ^^P NMR (CD3CN) 5 14.4 (0.4P), 13.7 (0.6P); MS 
(ESI) 838 (M+H). 

Example 16 

Metabolite 22: To a solution of the prodrug 21 (10.3 mg, 0.01 1 mmol) in DMSO (0.1 mL) 
and acetonitrile (02 mL) was added 0.1 M PBS buffer (3 mL) mixed thoroughly to result a 
suspension. To the suspension was added porcine liver esterase suspension (0.05 mL, 
EC3.L1.1, Sigma). After the suspension was stored m 37X for 1 .5 h, tiie mixture was 
caitrifuged and the supernatant was taken. The product was purified by HPLC and the 
collected fraction was lyophilized to result the product 22 as trifluoroacetic acid salt (7.9 mg, 
86%): ^HNMR (D2O) 8 7.70 (d, IH), 7.05 (d, 2H), 5.66 (d, IH), 5.40 (br, IH), 5.02 (br, 
IH), 4.70 (br, IH), 3.99-3.89 (m, 2H), 3.81 (s, 3H), 3.83-3.50 (m, 8H), 3.34-2.80 (m, 7H), 
2.50-2.18 (m, 3H), 2.03 (m, IH), 1.92-1.70 (m, 3H), 1.39 (d, 3H), 0.94 (d, 3H), 0.93 (d, 3H); 
^*P NMR (D2O) 5 9.0, 8.8; MS (ESI) 734 (M+H). 
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Example 17 



Triflate 24: Triflate 24 was prepared analogously to triflate 20, except lliat 
dunethy]hydroxyel}iylphos{d)onate 23 (Aldrich) was substituted for ethyl lactate phosphonate 
wifli free alcohol 19. 



Example 18 

Tetrahydropyiidine 25: Tetrahydropyridine 25 was prepared analogously to 
tetrahydropyridine 30, except that triflate 24 was substituted for triflate 29. 
'H NMR (CDCI3) 8 7.71 (d, 2H), 7.01 (d, 2H), 5.71 (d, 2H), 5.43 (bs, IH), 5.07-4.87 (m, IH), 
4.16-3.46 (m, 13H), 3J4-3.18 (m, 3H), 3.16-2.80 (m, 5H). 2.52-1.80 (m, 12H), 1.28-1.04 (m, 
3H+H2O peak), 0.98-0.68 (m^ 6H). 
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Schemes 
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Example 19 

Dibenzyl phosphonate wWi double bond 27: To a stirring solution of allyl bromide (4.15 g, 
34 mmol, Aldiich) and dibenzylphosphite (6 g, 23 mmol, Aldrich) in acetonitrile (25 ioL) 
was added potasnum carbonate (6.3 g, 46 mmol, powder 325 mesh Aldrich) to create a 
suspension, which was heated to 65°C and stirred for 72 hours. The suspension was cooled 
to room temperature, diluted with ethyl acetate, filtered, and the fiOilrate was washed with 
water, then brine, dried (MgS04), concentrated and used directly in the next step. 

Example 20 

Diben2ylhydroxyethylphosphonate 28: Dibenzyl phosphonate with double bond 27 was 
dissolved in methanol (5QmL), chilled to -78^C, stirred, and subjected to ozone by bubbling 
ozone into the solution for three hours until the solution turned pale blue. The ozone flow 
was stopped and oxygen bubbling was done for 15 minutes until the solution became 
colorless. Sodium borohydride (5 g, excess) was added slowly portionwise. After the 
evolution of gas subsided the solution was allowed to warm to room temperature, 
concentrated, diluted with ethyl acetate, made acidic with acetic acid and water and 
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partitioned. The ethyl acetate layer was washed with water, tiien brine and dried (MgS04), 
fUtered, concentrated and chromatographed on siKca gel eluting with a gradient of eluent 
from 50% ethyl acetate in hexane to 100% ethyl acetate, affording 2.76 g of the desired 
product. NMR (CDCI3) 5 7.36 (m, lOH). 5.16^.95 (m, 4H), 3^4-3.80 (dt, 2H), 2.13-2.01 
(dt, 2H); ^'P NMR (CDCI3) 5 31.6. 



Example 21 

Dibenzyl phosphonate 30: A solution of the alcohol 28 (53.3 mg, 0.174 mmol) and 2,6- 
lutidine (0.025 mL, 0.215 mmol, Aldrich) in CH2CI2 (1 mL) was stined at -45«C as 
trifluoromethanesulfonic anhydride (0.029 mL, 0. 1 72 imnol, Aldrich) was added. The 
solution was stirred for 1 h at -45°C and evaporated under reduced pressure to obtain the 
crude tiiOate 29. 

A solution of the crude Iriflate 29. 2,6-lutidine (0.025 mL, 0.21 5 mmol, Aldrich), and the 
pyridine 9 in acetone-dfi (1.5 mL, Aldrich) was stored at room temperature for 2 h. The 
solution was concentrated under reduced pressure to obtain crude pyridinium product:^'? 
NMR (acetone-d<) 8 25.8; MS (ESI) 852 (M*). 

To a solution of the crude pyridinium salt in ethanol (2 mL) was added 7-8 drops of a 
solution of acetic acid (0.4 mL, Aldrich) in ethanol (2 mL). The solution was stined at 0°C 
as NaBH* (7-8 mg) was added. The solution was maintained to be pH 3-4 by adding the 
acetic acid solution. More NaBH, and the acetic acid were added until the reduction was 
coJiq)leted. After 4 h, tiie mixture was concentrated and the remaining residue was dissolved 
in sahMated NaHCOj (10 mL). The product was extracted with EtOAc (10 mL x 3), dried 
(MgS04), and concentrated under reduced pressure. The residue was purified by repeated 
chromatography on silica gel foUowed by HPLC purification. Lyophilization of tiie coUected 
fraction resulted tiie product 30 (13.5 mg, 26%) as trifluoroacetic add salt: 'H NMR (CDCI3) 
6 7.72 (d, 2H, J= 8.7 Hz), 7.36 (br, lOH), 7.00 (d, 2H. y = 8.7 HzX 5.69 (d, IH, 7= 5.1 Hz). 
5.41 (br, IH), 5.13-4.93 (m, 6H), 4.05-2.5 (m, 19H). 3.88 (s, 3H). 2.5-1.9 (m, 5H), 1.90-1.74 
(m, 2H). 0.88 (d, 6H, J = 6.1 Hz); ^^P NMR (CDCI3) 5 25.8; MS (ESI) 856 (M+H). 

Example 22 

Phosphonic acid 31: A mixhire of tiie dftenzyl phosphonate 30 (9.0 mg, 0.009 mmol) and 
10% Pd/C (52 mg. Aldrich) in EtOAc (2 mL) and ethanol (0.5 mL) was stirred under H2 
atmosphere for 3 h at room temperature. After the mixture was filtered flirougfa celite, a drop 
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Of trifluoroacetic acid (Aldrich) was added to the filtrate and the filtrate was concentrated to 
dryness to afford the product 31 (63 mg, 86%): 'H NMR (CD3OD) 5 7.76 (d, 2H, J= 9.0 
Hz), 7.11 (d,2H,y=9.0Hz),5.69(d, lH,y=5.1 Hz), 5.54 (hr, lH),5.09(br, IH), 4.05-3.84 
(m, 4H), 3.89 (s, 3H). 3.84-3.38 (m. 9H), 3.07 (dd, 2H, J= 13.5 and 8.4 Hz), 2.9-2.31 (m, 
5H), 2.31-1.83 (m, 6H), 0.92 (d, 3H, 7= 6.3 Hz), 0.85 (d, 3H, J= 6.9 Hz); ''p NMR 
(CD3OD) 6 21.6; MS (ESI) 676 (M+H). 
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Example 23 

Benzylelher 32: A solution of dimethyl hydroxyethylphosphonate (5.0 g, 32.5 mmol. Across) 
and benzyl 2,2^-trichloroacetimidate (97.24 mL, 39.0 mmol, Aldrich) in CH2CI2 (100 mL) at 
0°C under a nitrogen atmosphere was treated with trifluoiometfaanesulfonic acid (0.40 mL). 
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Stirring was performed for toee hours at OX and the reaction was then allowed to waim to 
room temperature while stirring continued. The reaction continued for 15 hours, and the 
reaction mixture was tiien diluted with dichloromediane, washed with saturated sodium 
bicarbonate, washed with brine, dried (MgS04), concentrated under reduced pressure and 
chromatographed on silica gel ehitmg with a gradient of eluent fiom 60% EtOAc in hexane to 
100% EtOAc to afford 4 J g, (57%) of the benzyl ether as a colorless liquid. "P NMR 
(CDCl3)831.5. 

Kvample U 

Diacid 33: A sohition of benzylether 32 (4.5 g. 1 8.4 mmol) was dissolved in anhydrous 
acetonitrile (lOOmL^ chilled to 0°C under a nitrogeu atmosphere and treated with IMS 
bromide (9.73 mL, 74mmol). The reaction mixture was warmed to room temperature and 
after 15 hours of stirring was concentrated repeatedly with MeOH/water to afford the diacid, 
vMch was used directly in the next step. ^'P NMR (CDCfc) 8 31.9. 



Example 25 

Diphenylphosphonate 34 : Diacid 33 (6.0 g, 27 mmol) was dissolved in toluene and 
concentrated under reduced pressure three times, dissolved in anhydrous acetonitrile, stirred 
under a nitrogen atmosphere, and treated wifli ihionyl chloride (20 mL, 270 mmol) by slow 
addition. The solution was heated to 70'C for two hours, then cooled to room temperature, 
concentrated and dissolved in anhydrous dichloromethane, chilled to -78°C and treated with 
phenol (15 g, 162 mmol) and trielhylamine (37 mL, 270 mmol). The reaction mixture was 
wanned to room temperature and stirred for 15 hours, and was then diluted with ice cold 
dichloromethane, washed with ice cold 1 N. NaOH, washed with ice cold water, dried 
(MgS04), and concentrated under reduced pressure. The resulting residue was used directly 
in the next step. *H NMR (CDCI3) 8 7.40-7. 16 (d, 15H), 4.55 (s, 2H), 3.98-3.84 (m, 2H), 
2.55-2.41 (m, 2H); ^'P NMR (CDCI3) 8 22.1 . 

Example 26 

Mono acid 35: Monoacid 35 was prepared using conditions analogous to those used to 
prepare monoacid 16, except that diphenylphosphonate 34 was substituted for benzylether 15. 
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*H NMR (CDCb) 5 738.7,16 (d, lOH), 4.55 (s, 2H), 3.82-3.60 (m, 3H), 2.33-2.21 (m, 2H); 
^'P NMR (CDCis) S 29.0. 

Example 27 

Ethyl lactate phosphonate 36: Ethyl lactate phosphonate 36 was prepared analogously to 
ethyl lactate phosphonate 18 except monoacid 35 was substituted for monoacid 16. ^^P NNDl 
(CDCI3) 5 27.0, 25.6. 

Example 28 

Ethyl lactate phosphonate with free alcohol 37: Efeyl lactate phosphonate with free alcohol 
37 was prepared analogously to ethyl lactate phosphonate with free alcohol 19 except that 
ethyl lactate phosphonate 36 was substituted for ethyl lactate phosphonate 18. ^^P NMR 
(CDCl3)528.9,26.8. 

Example 29 

Triflate 38: A sohition of tfie alcohol 37 (663 mg, 2.19 mmol) and 2,6-lutidine (0.385 mL, 
3,31 mmol, Aldrich) in CH2CI2 (5 mL) was stirred at -45*'C as trifluoromethanesulfonic 
anhydride (0.48 mL, 2.85 mmol, Aldrich) was added. The solution was stirred for 1 h at 
-45°C, diluted with ice-cold water (50 mL), and extracted with EtOAc (30 mL x 2). The 
combmed extracts were washed with ice cold water (50 mL), dried (MgS04), and 
concentrated under reduced pressure to obtam a crude mixture of two diastereomers (910 mg, 
96%, 1:3 ratio): *H NMR (acetone-d(;) 8 7.48-7.37 (m, 2H), 7.37-7.18 (m, 3H), 5.2-4.95 (m, 
3H), 43^,02 (m, 2H), 3.38-3.0 (m, IH), 3.0-2.7 (m, 2H), 2.1-1.9 (m, IH), 1.52 (d, IH), 1.4 
(d, 2H), 1.4-1.1 )m, 3H); ^^P NMR (acetone-d^) 8 21.8 (0.75P), 20.5 (0.25P). 



Example 30 

The prodrug 39: A solution of tiie crude triflate 38 (499 mg, 1.15 mmol) and the pyridine 9 
(494 mg, 0.877 mmol) in acetone (5 mL) was stirred at room temperature for 16.5 h. The 
solution was concentrated under reduced pressure to obtain the crude pyridinium salt. 
To a solution of the crude pyridinium salt in ethanol (10 mL) was added 5 drops of a solution 
of acetic acid (1 mL) in ethanol (5 mL). The solution was stirred at OT as NaBH4 (-10 mg, 
Aldrich) was added. The solution was maintained to be pH 3-4 by adding the acetic acid 
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solution. More NaBH4 and the acetic acid were added until the reduction completed. 
AAer 5.S the mixture was concentrated under reduced pressure and the remaining re^due 
was dissolved in ice-cold saturated NaHCOa (SO mL). The product was extracted with ice- 
cold EtOAc (30 mL X 2) and the combined extracts were washed with 50% saturated 
NaHCOa (50 mL), dried (MgS04X and concentrated under reduced pressure. The residue 
was purified by a chromatography on silica gel followed by a chromatography on CI 8 
reverse phase column material. Lyophilization of the collected fraction resulted the product 
39 mixture (376 mg, 50%, -2.5:1 ratio) as trifluoroacetic acid salt: NMR (CD3CN+TFA) 
6 7.78 (d, 2H, 8.7 Hz), 7.52-7.42 (m, 2H); 7.37-7.22 (m 3H), 7.10 (d, 2H, /= 8.7 Hz), 
5.78 (d, IH, 7= 9.0 Hz), 5.64 (m, IH), 5.50 (br, IH), 5.08 (m, 2H), 4.31-4.12 (m, 2H), 4.04- 
3.42 (m, 1 IH), 3.90 (s, 3H), 3.29 (m, 2H), 3.23 -3.16 (m, IH), 3.08-2.78 (m, 6H), 2.76-2.27 
(m,5H), 2.23-2.11 (m. IH), 2.08-1.77 (m,3H).1.58(d,0.9H,y= 72 Hz),1.45(d,2.1H,J= 
6.6 Hz), 1.32-1.20 (m, 3H), 0.95 - 0.84 (m, 6H); ^^P NMR (CD3CN+TFA) 5 24.1 and 23.8, 
22.2 and 22.1; MS (EST) 852 (M+H). 

Example 31 

Metabolite 40: To a solution of the prodrug 39 (35.4 mg, 0.037 mmol) in DMSO (035 mL) 
and acetonitrile (0.70 mL) was added 0.1 M PBS buffer (10.5 mL) mixed thoroughly to result 
a suspension. To the suspension was added porcine liver esterase suspension (0.175 mL, 
EC3.1.1.1, Sigma). After the suspension was stored in 37°C for 6.5 h, the mixture was 
filtered through 0.45 um membrane filta and the filtrate was purified by HPLC. The 
collected fiaction was lyqphilized to result the product 40 as trifluoroacetic acid salt (28.8 
mg, 90%): ^HNMR (D2O) 8 7.96 (d, 2R,J= 8.7 Hz), 7.32 (d, 2H, J= 8.7 Hz), 5.89 (d, IH, / 
= 5.1 Hz), 5.66 (hr, IH), 5.27 (m, IH), 4.97 (m, IH), 423-4.12 (m, 2H), 4.08 (s, 3H), 4.06- 
3.10 (m, 14H), 3.03 (dd, IH, J= 14.1 and 6.6 Hz), 2.78-1.97 (m, 9H), 1.66 (d, 3H,y= 6.9 
Hz),1.03 (d, 3H, y = 7.5 Hz),1.0I (d, 3H, J= 6.9 Hz); ''P NMR (CD3CN+TFA) 6 20.0, 19.8; 
MS (ESI) 748 (M+H). 
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OCHc, PyBOP. DIEA 



DMF 



COOEt 



46: R = Bn 
47: R = H 




0CH5 



COOEt 



48A: a minor diastereomer (GS277932) 
48B: a major diastereomer (GS277933) 

Example .32 

Compound 42: ITie dibenzyl phosphonate 41 (947 mg. 1 21 nunol) was treated ,^dth DABCO 
(140.9mg, 1^6mmol. Aldric]i)ia4.5niLtoIueiietoobtaintheinonoacid(890mg 106%) 
lUe crude monoacid (890 mg) was dried by evaporatioa with toluene twice and dissolved in 
DMF (5.3 mL) with ethyl (^lactate (0.3 mL. 2.65 mmol. Aldrich) and pyBOP (945 mg. 1 .82 
mmol, Aldrich) at room temperature. After diisopropylethylamine (0.85 mL. 4 88 mmol 
Aldrich) was added, the sohztion was stixxed at room temperature for 4 h and concentrated 
under reduced pressure to a half volume. The resulting solution was diluted with 5% aqueous 
HCl (30 mL) and the product was extracted with EtOAc (30 mL x 3). After the combined 
exttacb were dried (MgSO^ and concentrated, the residue was chromatographed on siKca gel 
to affimi the compomKi 42 (686 mg. 72«/o) as a mixture of two diastereomers (2:3 ratio)- 'h 
NMR (CDC13) 5 7.4^7.32 (m. 5H), 7.13 (d. .2H. y = 8,1 H.). 6.85 (t. 2H. ^ = 8.1 Hz) 5 65 
(m, IH). 5.35-4.98 (m. 4H), 4.39 (d. 0.8H. J= 10.2 H). 4.30-4.14 (m. 3.2H). 3.98 (dd IH. 
9.3 and 6.0 Hz). 3.92-3.78 (m, 3H), 3.78-3i5 (m, 3H). 3.16-2.68 (m. 6H). 1 .85 (m IH) 
1.74-1.55 (m. 2H), 1.56 (d. 1.8H. J- 7.2 Hz). 1.49 (d, 1.2H). 1.48 (s. 9H), 1.30-1.^ (j^ 3H) 
0.88 (d. 3H. y = 6.3 Hz), 0.87 (d. 3H. J= 6.3 Hz); ^'p NMR (CDCI3) 5 20.8 (0.4P). 195 
(0.6P); MS (ESI) 793 (M+H). 
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Example 33 

Compound 45: A solution of compound 42 (101 mg, 0.127 mmol) and trifluoroacetic acid 
(027 mL, 3.5 mmol, Aldiich) in CaiCh. (0.6 mL) was stirred at O'C for 3.5 h and 
concentrated under reduced pressure. Hie resulting residue was dried in vacuum to result the 
erode amine as IFA salt. 

A solution of the crude amine salt and triethylamine (0.072 mL, 0.52 mmol, Aldrich) in 
CH2CI2 (1 mL) was stirred at OX as the sulfonyl chloride 42 (37 mg, 0.14 mmol) was added. 
After the solution was stined at 0°C for 4 h and 0.5 h at room temperature, the reaction 
mixture was diluted with saturated NaHCOs (20 mL) and extracted with EtOAc (20 mL x 1 ; 
15 mL X 2). The combined organic fiactions were washed with saturated NaCl solution, 
dried (MgS04), and concentrated under reduced pressure. Purifbation by chromatography on 
silica gel provided the sulfonamide 45 (85 mg, 72%) as a mixture of two diasteieomeis (~1 :2 
ratio): 'H NMR (CDCI3) 5 7.45-7J1 (m, 7H), 7.19 (d, IH, J= 8.4 HzX 7.12 (d, 2H, J= 7.8 
Hz), 6.85 (m, 2H), 5.65 (d, IH, /= 5.4 Hz). 5.34-5.16 (m, 2H), 5.13-4.97 (m, 2H), 4.97-4.86 
(m, IH), 4.38 (d, 0.7H, J= 10.8 Hz), 4.294.12 (m. 3.3H), 3.96 (dd, IH, J = 9.3 and 6.3 Hz), 
3.89 (s, 3H), 3.92-3.76 (m, 3H), 3.76-3.64 (m, 2H), 3.64-3.56 (br, IH), 3.34-3.13 (m, IH), 
3.1 1-2.70 (m,6H). 2.34 (s,3H), 1.86 (m. IH, J=7.0Hz), 1.75-1.58 (m,2H), 1.56(d,2H, J . 
= 7.2 Hz), 1.49(d, IH, 7=7.2 Hz). 1.29-I.22(m,3H),0.94(d,3H,y=6.6Hz),0.90(d,3H, 
7= 6.9 Hz); "P NMR (CDCI3) 6 20.7 (03P), 19.5 (0.7P); MS (ESI) 921 (M+H). 

Example 34 

Compound 46: Compound 45 (257 mg, 0.279 mmol) was stirred m a saturated solution of 
ammonia in ethanol (5 mL) at 0°C for 15 min and the solution was concentrated under 
reduced pressure. Purification of the residue by chromatography on silica gel provided 
compound 46 (2.6 mg, 84%): 'H NMR (CDCI3) 5 7.48-7.34 (m, 4H), 722-7.05 (m, 5H), 
7.01 (d, IH, J= 8.1 Hz), 6.87-6.80 (m, 2H), 5.68 (d, IH, 7= 4.8 Hz), 532 (dd, 1.3H, 7= 8.7 
and 1.8 Hz), 5.22 (d, 0.7H. 7= 9.0 Hz), 5.1 1-5.00 (m, 3H), 4.47-4.14 (m, 4H), 4.00 (dd, IH, 7 
= 9.9 and 6.6 Hz). 3.93 (s, 3H), 3.95-3.63 (m. 5H), 3.07-2.90 (m, 4H), 2.85-2.75 (m, IH), 
2.75-2.63 (m, 2H), 1.88-1.67 (m. 3H). 1.65-1.55 (m, 2H). 1.57 (d, 2H, 7= 6.9 Hz), 1.50 (d, 
IH, 7= 72 Hz), 1.31-1.20 (m, 3H), 0.95 (d, 3H, 7= 6.6 Hz), 0.88 (d, 3H, 7= 6.3 Hz); ^'P 
NMR (CDCI3) 5 20.7 (0.3P), 19.6 (0.7P); MS (ESI) 879 (M+H). 
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Compound 47: A mixture of compound 46 (176 mg, 0.200 mmol) and 10% Pd/C (9.8 mg, 
Aldridi) in EtO Ac (4 mL) and ethanol (1 mL) was stined under Hi atmosphere for 3 h at 
room temperatore. After the mixture was filtered through celite, the filtrate was concentrated 
to dryness to afford compound 47 (158 mg, 100%) as white powden 'H MMR (CDCI3) 5 
7.30-7.16 (m, 2H), 7.12 (d, 2H, J= 7.5 Hz), 7.01 (d, IH, J= 7.8 Hz), 6.84 (d. 2H,y= 7.5 
Hz), 5.66 (d, IH, 4.5 Hz), 5.13-4.97 (m, 2H), 4J8-4.10 (m, 4H), 3.93 (s. 3H), 4.02-3.66 
(m, 6H), 3.13-2.69 (m, 7H), 1.96-1.50 (m, 3H), 1.57 (d, 3H, 7= 6.6 Hz), 126 (t, 3H, J= 7.2 
Hz), 0.93 (d, 3H, y = 6.0 Hz), 0.88 (d, 3H, y = 6.0 Hz); ^'P NMR (CDCI3) 5 20.1; MS (ESI) 
789 (M+H), 

Compound 48A and48B: A solution of pyBOP (191 mg, 0.368 mmol, Aldrich) and 
diisopropylethylamine (0.1 mL, 0.574 mmol, Aldrich) in DMF (35 mL) was stirred at room 
tempCTature as a solution of compound 47 (29 mg, 0.036 mmol) in DMF (5.5 mL) was added 
over 16 h. After addition, the solution was stirred at room temperature for 3 h and 
concentrated under reduced pressure. The residue was dissolved in ice-cold water and 
extracted with EtOAc (20 mL x 1; 10 mL x 2). The combined extracts were dried (MgS04) 
and concentrated under reduced pressure. The residue was purified by chromatc^aphy on 
silica gel followed by preparative TLC gave two isomers of structure 48 (1 .0 mg, 3.6% and 
3.6 mg, 13%). Isomer 48A: 'H NMR (CDCI3) 5 7.39 (m, IH), 7.12 (br, IH), 7.01 (d, 2H, J= 
8.1 Hz), 6.98 (br, IH), 6.60 (d, 2H, J= 8.1 Hz), 5.75 (d. IH, J= 5.1 Hz), 537-5.28 (m, 2H), 
5.18 (q, IH, J= 8.7 Hz), 4.71 (dd. IH, J= 14.1 and 7.5 Hz), 4.29 (m, 3H), 4.15-4.06 (m, IH), 
3.99 (s, 3H), 4.05-3.6 (m, 5H), 3.35 (m, IH), 3.09 (br, IH), 2.90-2.78 (m, 3H), 22-2.0 (m, 
3H), 1.71 (d, 3H, J= 6.6 Hz), 1.34 (t, 3H,y= 6.9 Hz), 1.01 (d, 3H. J= 6.3 Hz), 0.95 (d, 3H,y 
= 6.3 Hz); ^'P NMR (CDCI3) 6 17.8; MS (ESI) 793 (M+Na); isomer 48B: 'H NMR (CDCI3) 
8 7.46 (d. IH, J= 9.3 Hz), 7.24 (br, IH), 7.00 (d, 2H, 7 = 8.7 Hz), 6.91 (d, IH, J= 8.7 Hz), 
6.53 (d, 2H, 8.7 Hz). 5.74 (d, IH, J= 5.1 Hz), 5.44 (m, IH), 5.35 (d, 1H,7= 9.0 Hz), 5.18 
(q, IH, 7= 7.2 Hz), 4.68 (dd. IH, J= 14.4 and 6.3 Hz), 423 (m, 3H), 4.10 (m, IH). 4.04 (s, 
3H), 3.77-4.04 (m, 6H), 3.46 (dd, IH, J= 12.9 and 11.4 Hz), 3.08 (br, IH), 2.85 (m, 2H), 
2.76 (dd, IH, J= 12.9 and 4.8 Hz), 1.79-2.11 (m, 3H), 1.75 (d, 3H. J= 6.6 Hz), 1.70 (m, 2H). 
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1.27 (t, 3H, J= 63 Hz). 1 .01 (d. 3H. J= 6.6 Hz), 0.93 (d, 3H, J= 6.6 Hz); ''P NMR (CDCI3) 
8 15.4; MS (ESI) 793 (M+Na). 



Example 1 




OCHj 




OCH: 



ii.OR 



1 2 R = CH3 

3 R=CH(CH3)2 

Dimethylphoq)honic ester 2 (R = CH3 ): To a flask was charged with phosphonic acid 1 (67 
mg, 0.1 mmol), meflianol (0.1 mL, 2.5 mmol) and 1, 3-dicyclohexyIcarbodiiimde (83 mg, 0.4 
mmol), then pyridine (1 mL) was added under N2. The resulted mixture was stirred at 60 
-yO'C for 2 h, then cooled to room temperature and diluted with ethyl acetate. The mixture 
was filtered and flie filtrate was evaporated. The residue was diluted with ethyl acetate and 
the combined organic phase was washed with NH4CI, brine and water, dried over Na2S04, 
filtered and concentrated. The residue was purified by chromatography on silica gel 
(isopropanol/CHaCia, 1 % to 7%) to give 2 (39 mg, 56 %) as a white solid. 'H NMR (CDCI3) 
6 7.71 (d, J = 8.7 Hz, 2H), 7.15 (d, J = 8.7Hz, 2H), 7.00 (d, J = 8.7 Hz, 2H), 6.87 (d. J = 8.7 
Hz, 2H), 5.65 (d, J = 5.1 Hz, IH), 5.10-4.92 (m, 4H), 4.26 (d, J = 9.9 Hz, 2H), 3.96 -3.65 (m 
overlapping s, 15H), 3,14-2.76 (m, 7H), 1.81-1.55 (m, 3H), 0.91 (d, J = 6.6 Hz, 3H), 0.88 (d, 
J = 6.6 Hz, 3H); ^'P NMR (CDCI3) 6 21 .7; MS (ESI) 723 (M+Na). 



Example IB 



Diisopropylphosphonic ester 3 (R = CH (CHs)! ) was synthesized m the same manner in 60% 
yield. 'H NMR (CDCI3) 8 7.71(d, J = 8.7 Hz, 2H), 7.15 (d, J = 8.7Hz, 2H). 7.15 (d, J = 8.7 
Hz, 2H), 6.99 (d, J = 8.7 Hz, 2H), 6.87 (d, J = 8.7 Hz, 2H), 5.66 (d, J = 5.1 Hz, IH), 5.08-4.92 
(m. 3H), 4.16 (d, J= 10.5 Hz, 2H), 3.98 -3.68 (m overlapping s, 9H), 3.16-2.78 (m, 7H), 
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L82-L56 (m, 3H), 1.37 (t, J = 6J Hz, 6H), 0.93 (d, J = 6.6 Hz, 3H), 0.88 (d, J = 6.6 Hz, 3H); 
^^P NMR (CDCI3) 5 17.3; MS (ESI) 779 (M+Na). 



Example 2 



o 

A. 



OH 





o 



ivORi 



Compound 


Ri 


R3 


Sa 


OPh 


mix-Hba-Et 


5b 


OPh 


(5)-Hba-Et 


5c 


OPh 


(S)-Hba-tBu 


5d 


OPh 


(5)-Hba-EtMor 


5e 


OPh 


(i?)-Hba-Et 



Example 2 A 

Monolactate Sa (Rl = OPh, R2 = Hba-Et): To a flask was charged with monophenyl 
phosphonate 4 (250 mg, 0.33 mmol), 2-hydioxy-n-bmyric acid ethyl est«- (145 mg, 1.1 
mmol) and 1, 3-dicycIohexylcarbodihmde (226 mg, 1.1 mmol), then pyridine (2.5 mL) was 
added under N2. The resulted mixture was stiired at 60-70**C for 2 h, then cooled to room 
temperature and diluted with ethyl acetate. The mixture was filtered and the filtrate was 
evaporated. The residue was diluted with ethyl acetate and the combined organic phase was 
washed with >3DH4CI, brine and water, dried over Na2S04, filtered and concentrated. The 
residue was purified by chromatography on silica gel (EtOAc/CH2Cl2, 1 :1) to give 5a (150 
mg, 52 %) as a white solid. NMR (CDCI3) 5 7.70 (d, J = 8.7 Hz, 2H), 7.37-7.19 (m, 5H), 
7.14 (d, J = 8.7 Hz, 2H), 7.00 (d, J = 8J Hz, 2H), 6.91 (d, J = 8.7 Hz, IH), 6.86 (d, J - 8.7 
Hz, IH), 5.65 (m, IH), 5.10-4.95 (m, 3H), 4.57^.39 (m, 2H), 4.26 (m, 2H), 3.96 -3.68 (m 
overlapping s, 9H), 3.15-2.77 (m, 7H), 1.81-1.55 (m, 5H). 1.21 (m, 3H), 1.04-0.86 (m, 6H); 
^*P NMR (CDCI3) 5 17.5 and 15.1; MS (ESI) 885 (M+Na). 
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Example 2B 

Monolactate Sb (Rl = OPh, R2 ^ (S)-Hba-Et): To a flask was charged with monophenyl 
phosphonate 4 (600 mg, 0.8 mmol), (iS)-2-hydroxy-.n-butyric acid ethyl ester (317 mg, 2.4 
mmol) and 1, 3-di(^clohexyicarbodiimide (495 mg, 2.4 mmol), then pyridine (6 mL) was 
added nnder N2. The resulted mixture was stirred at 60-70^C fox 2 h, then cooled to room 
temperature and diluted with ethyl acetate. The mixture was filtered and the filtrate was 
evaporated. The residue was diluted with ethyl acetate and the combined organic phase was 
washed with NH4CI, brine and water, dried over Na2S04, filtered and concentrated. The 
residue was purified by chromatography on silica gel (EtOAc/CHzCla, 1 : 1) to give 5b (360 
mg, 52 %) as a white soKd. NMR (CDCI3) 5 7.71 (d. J = 8.7 Hz, 2H), 7.37-7.19 (m, 5H), 

7.15 (d, J = 8.7 Hz, 2H), 7.00 (d, J = 8.7 Hz, 2H), 6.92 (d, J = 8.7 Hz, IH), 6.86 (d, J = 8.7 
Hz, IH), 5.65 (m, IH), 5.10-4.95 (m, 3H), 4.57-4.39 (m, 2H), 426 (m, 2H), 3.96 -3.68 (m 
overiapping s, 9H), 3.15-2.77 (m, 7H), 1.81-1.55 (m, 5H), 1.23 (m, 3H), 1.04-0.86 (m, 6H); 
^^P NMR (CDCI3) 6 17.5 and 15.2; MS (ESI) 885 (M+Na). 

Example 2C 

Monolactate 5c(Rl == OPh, R2 = (iS)-Hba-tBu): To a flask was charged with monophenyl 
phosphonate 4 (120 mg, 0.16 mmol), tert-bulyl (S)-2-hydroxybutyrate (77 mg, 0.48 mmol) 
and 1, 3-dicyclohexylcarbodimHde (99 mg, 0.48 mmol), then pyridine (1 mL) was added 
under N2. The resulted mixture was stirred at 60-70°C for 2 h, then cooled to room 
temperature and diluted with ethyl acetate. The mixture was filtered and the filtrate was 
evaporated. The residue was diluted with ethyl acetate and the combined organic phase was 
washed with NH4CI, brine and water, dried overNa2S04, filtered and concentrated. The 
residue was purified by chromatography on silica gel (EtOAc/CH2Cl2, 1:1) to gwe 5c (68 mg, 
48 %) as a white solid. ^H NMR (CDCI3) 8 7.71 (d, J = 8.7 Hz, 2H), 7.37-7.19 (m, 5H), 
7.14 (d, J - 8.7 Hz, 2H), 7.00 (d, J - 8.7 Hz, ZH), 6.93 (d, J - 8.7 Hz, IH), 6.86 (d, J = 8.7 
Hz, IH), 5.64 (m, IH), 5.10-4.95 (m, 3H), 4.57^39 (m, 2H), 4.26 (m, 2H), 3.96 -3.68 (m 
overlapping s, 9H), 3.15-2.77 (m, 7H), 1.81-1.55 (m, 5H), 1.44 (d, J = 11 Hz, 9H), 1.04-0.86 
(m, 9H): ^'PNMR (CDCI3) 5 17.5 andl5.2; MS (ESI) 913 (M+Na). 

Example 2D 

Monolactate 5d (Rl = OPh, R2 = (.SJ-Lac-EtMor): To a flask was charged with monophenyl 
phosphonate 4 (188 mg, 025 mmol), (iS)-lactate ethyltooipholine ester (152 mg, 0.75 mmol) 
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and U 3-dicycIoheKyicarbodiiimde (155 mg, 0.75 mmol\ then pyridine (2mL) was added 
imder N2. The resulted mixture was stirred at 60-70*^C for 2 ibsa cooled to room 
temperature and diluted with ethyl acetate. The mixture was filtered and the filtrate was 
evirated. The residue was washed with ethyl acetate and the combined organic phase was 
washed vnHh NH4CI9 brine and water, dried over Na2S04:, filtered and concentrated. The 
residue was purified by chromatography on silica gel (isopropanol/CHaCIi, 1:9) to give 5d 
(98 mg, 42 %) as a white soKd. NMR (CDCI3) 8 7.72 (d, J = 8.7 Hz, 2H), 7.34-7.20 (m, 
5H), 7.15 (d, J = 8.7 Hz, 2H), 7.00 (d, J = 8.7 Hz, 2H), 6.92 (d, J = 8.7 Hz, IH), 6.87 (d, J = 
8.7 Hz, IH), 5.65 (m, IH), 5.21-4.99 (m, 3H), 4.57-4.20 (m, 4H), 3.97 -3.63 (m overlapping 
s, 13H), 3.01-2.44 (m, 13H), 1.85-1.50 (m, 6H), 0.92 (d, J = 6.5 Hz, 3H), 0.88 (d, J = 6.5, 
3H); ^^P NMR (CDCis) 8 17.4 and 15.3; MS (ESI) 934(M). 

Example 2E 

Monolactate Sc (Rl = OPh, R2 = (i?)-Hba-Et): To a flask was charged with monophenyl 
phosphonate 4 (600 mg, 0.8 mmol), (J?)-2-hydroxy-n-butyric acid ethyl ester (317 mg, 2.4 
mmol) and 1, 3-dicyclohexyIcarbodiimide (495 mg, 2.4 mmol), then pyridine (6 mL) was 
added under N2. The resulted mixture was stirred at 60-70°C for 2 h, tiien cooled to room 
temperature and diluted with ethyl acetate. The mixture was filtered and the filtrate was 
evaporated. The residue was diluted with ethyl acetate and the combined organic phase was 
washed with NH4CI, brine and water, dried over Na2S04, filtered and concentrated. The 
residue was purified by chromatography on silica gel (EtOAc/CHiCla, 1 : 1) to give 5e (345 
mg, 50 %) as a white solid. NMR (CDCI3) 8 7.70 (d, J = 8.7 Hz, 2H), 737-7.19 (m, 5H), 
7.15 (d, J = 8.7 Hz, 2H), 7.00 (d, J = 8.7 Hz, 2H), 6.92 (d, J = 8.7 Hz, IH), 6.86 (d, J 8.7 
Hz, IH), 5.65 (m, IH), 5.10-4.95 (m, 3H), 4.57-4.39 (m, 2H), 4.26 (m, 2H), 3.96 -3.68 (m 
overlapping s, 9H), 3.15-2.77 (m, 7H), 1.81-1.55 (m, 5H), 1.23 (m, 3H), 1.04-0.86 (m, 6H); 
NMR (CDCI3) 5 17.5 andl5.1; MS (ESI) 885 (M+Na). 
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Example 3 

Monoamidate 6: To a Sask vras chaiged with monophenyl pho^lxniate 4 (120 mg, 0.16 
mmolX L-alanme butyric acid efliyl ester hydrochloride (160 mg, 0.94 mmol) and 1, 3- 
dicyciohexyicarbodiimide (132 mg, 0.64 mmol), thrai pyridine (1 mL) was added under N2. 
The resulted mixtuie was stilted at 60-70'C for 2 h, then cooled to room temperature and 
diluted with etibyl ace^. The mixture was filtered and the filtrate was evirated. The 
residue was diluted with ethyl acetate and the combined organic phase was washed with 
NH4C1, brine and water, dried over Na2S04, filtered and concentrated. The residue was 
purified by chromatography on alica gel (isopropanol/CHaCU, 1 :9) to give 6 (55 mg, 40 %) 
as a white soHd. NMR (CDCI3) S 7.72 (d, J = 8.7 Hz, 2H), 7.37-7.23 (m, 5H), 7. 16 (d, J 
= 8.7 Hz, 2H), 7.00 (d, J = 8.7 Hz, 2H), 6.90-6.83 (m, 2H), 5.65 (d, J = 5.IH2, IH), 5.10-4.92 
(m, 3H), 428 (m, 2H), 3.96 -3.68 (m overlapping s, 9HX 3.15-2.77 (m, 7H). 1.81-1.55 (m, 
5H). 1.23 (m, 3H), 1.04-0.86 (m. 6H); ^'P MMR (CDCI3) 5 20.7 and 19.6; MS (ESI) 
884(M+Na). 
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Example 4A 

Compound 8; To a stirred solution of monobenzyl phosphonate 7 (195 mg, 0.26mmol) in 1 
mL of DMF at room temperature under Ni was added benzyl-(s)-lactate (76 mg, 0.39 mmol) 
and PyBOP (203 mg. 0.39mmol), followed by DIEA (1 8 1 ^iL, 1 mmol). After 3 h, the solvent 
was removed under reduced pressure, and the resulting crude mixture was purified by 
chromatography on silica gel (ethyl acetate/hexane 1:1) to give 8 (120 mg, 50%) as a vydiite 
solid. NMR (CDCI3) 5 7J1 (4 J = 8.7 Hz, 2H), 7.38-7.34 (m, 5H), 7.12 (d, J « 8.7 Hz, 
2H), 6.99 (d, J = 8.7 Hz, 2H), 6.81(d, J = 8.7 Hz, 2H), 5.64 (d, J - 5.4 Hz, IH), 524-4.92 (m, 
7H), 4.28 (m, 2H), 3.96 -3.67 (m overlapping s, 9H), 3.16-2.76 (m, 7H), 1.95-1.62 (m, 5H), 
0.99-0.87 (m, 9H); ^^P NMR (CDCI3) 5 21.0 and 19.7; MS (ESI) 962 (M+Na). 

Example 4B . 

Compound 9: A solution of compound 8 (100 mg) was dissolved in EtOH/ EtOAc (9 mU 
3mL), treated with 1 0 % Pd/C (1 0 mg) and was stirred under H2 atmosphere (balloon) for 1 .5 
h. The catalyst was removed by filtration through celite. The filtered was evaporated under 
reduced pressure, the residue was triturated with ether and the solid was collected by 
filtration to afford the compound 9 (76mg, 94%) as a white solid. ^H NMR (CD3OD) 6 7,76 

(d, J = 8.7 Hz, 2H), 7.18 (d, J = 8.7 Hz, 2H), 7.08 (d, J = 8.7 Hz, 2H), 6.90 (d, J = 8.7 Hz, 
2H), 5.59 (d, J = 5.4 Hz, IH), 5.03-4.95 (m, 2H), 4.28 (m, 2H), 3.90 -3.65 (m overlapping s. 
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9H), 3.41 (m, 2H), 3.18-2.78 (m, 5H), 2.44 (m, IH), 1.96 (m, 3H), 1.61 (m, 2H), 1.18 (m, 
3H), 0.93 (d, J = 6.3 Hz, 3H), 0.87 (d, J = 6.3 Hz, 3H); NMR {CD3OD) 8 1 8 J; MS (ESI) 
782 (M+Na). 



OCHs 





o 



J 



COO' 




CHO 



1 r 




Example SA 

Compound 11: To a stirred solution of compound 10 (1 g, LSnunol) in 6 mL of DMP at 
room temperature under N2 was added 3-hydroxybenzaldehyde (292 mg, 2.6 mmol) and 
PyBOP (1 g, 1 .95nimol), foUowed by DIEA (0.9 mL, 5.2 mmol). After 5 h, the solvent was 
removed under reduced pressure, and tbe resulting crude mixture was purified by 
chromatography on silica gel (ethyl acetate/hexane 1 :1) to give 11 (800 mg, 70%) as a white 
soKd. NMR (CDCI3) 8 9.98 (s, IH), 7.79-6.88 (m, 12H), 5.65 (m, IH), 5.21-4.99 (m, 3H), 
4.62-4.16 (m, 4H), 3.99 -3.61 (m overlapping s, 9H), 3.1 1-2.79 (m, 5H), 1.85-1.53 (m, 6H), 
1.25 (m, 3H), 0.90 (m, 6H); ^^P NMR (CDCI3) 5 17.9 and 15.9; MS (ESI) 899 (M+ Na). 

Example 5B 

Compound 12: To a sthred solution of compound 11 (920 mg, 1.05 mmol) in 10 mL of ethyl 
acetate at room temperature under N2 was added morpholine (460 mg, 5.25 mmol) and acedic 
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acid (0.25 mL, 42 xnmol), followed by sodium cyanoborohydride (132 mg, 2.1 mmol). After 
20h, the solvent was removed under reduced pressure, and the residue was diluted with ethyl 
acetate and the combined organic phase was washed withNHLjQ, brine and water, dried over 
NaaSO^, filtered and concentrated. The residue was purified by chromatography on silica gel 
(isopropanol / CH2CI2, 6%) to give 12 (600 mg, 60%) as a white solid. NMR (CDCI3) 5 
7.71 (d, J = 8.7 Hz, 2H), 7.27 (m, 4H), 7.15 (d, J = 8.7 Hz, 2H), 6.95 (d, J == 8.7 Hz, 2H), 6.89 
(m, 2H), 5.65 (m, IH), 5.21-5.02 (m, 3H), 4.58-4.38 (m, 2H), 4.2M.16 (m, 2H), 3.99 -3.63 
(m overlapping s, 15H), 3.47 (s, 2H), 3.18-2.77 (m, 7H), 2.41 (s, 4HX 1.85-1.53 (m, 6H), 
1.25 (m, 3H), 0.90 (m, 6H); ^^P NMR (CDCI3) 6 17.4 and 15.2; MS (ESI) 971 (M+Na). 



14 
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COO^ 




IS coo 



O _ J— 5 OH 





H ^ ^ If 
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10 O 17 
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Example 6A 

Compound 14: To a stined solution of compound 13 (1 g, 3 mmol) in 30 mL of acetonitrile 
at room temperature under N2 was added thionyl chloride (0.67 mL, 9 mmol). The resulted 
mixture was stnred at 60-70**C for 0.5 h. After cooled to room temperature, the solvent was 
removed under reduced pressure, and the residue was added 30 mL of DCM, followed by 
DDEA (1.7 mL, 10 mmol), L-alanine butyric acid ethyl ester hydrochloride (1.7 g, 10 mmol) 
and TEA (1 .7 mL, 1 2 mmol). After 4h at room temperature, the solvent was removed under 
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reduced pressure, and the residue was diluted with DCM and washed with brine and water, 
dried over Na2S04, filtered and concentrated. The residue was purified by chromatography 
on silica gel (Hexane/EtOAc 1 :1) to give 14 (670 mg, 50%) as a yellow oil. NMR 
(CDCI3) 5 7.33-7.11 (m, lOH), 5.70 (m, IH), 5.10 (s, 2H), 4.13-3.53 (m, 5H), 220-2.10 (m, 
2H), 1,76-1.55 (m, 2H), 1.25-1.19 (m, 3H), 0.85-OJl (m, 3H); ^'P NMR (CDCI3) 5 30.2 and 
29.9; MS (ESI) 471 (M+Na). 

Example 6B 

Compound 15: A solution of compound 14 (450mg) was dissolved in 9 mL of EtOH, then 
0.15 mL of acetic acid and 10 % Pd/C (90 mg) was added. The resulted mixture was stirred 
under H2 atmosphere (balloon) for 4 h. After filtration through celite, the filtered was 
evaporated under reduced pressure to afford the compound 15 (300mg,.95%) as a colorless 
oU. *HNMR (CDCI3) 5 7.29-7.12 (m, 5H), 4.13-3.53 (m, SH), 2.20-2.10 (m, 2EI), 1.70-L55 
(m, 2H), L24-L19 (m, 3H), 0.84-0J3(m, 3H); ^^P NMR (CDCI3) 8 29.1 and 28.5; MS (ESI) 
315 (M+1). 

Example 6C 

Monoamdidate 17: To a stirred solution of compound 16 (532 mg, 0.9 mmol) in 4 mL of 1,2- 
dicUoroethane was added compound IS (300 mg, 0.96 mmol) and MgS04 (50 mg)» the 
resulted mixture was stirred at room temperature under argon for 3h, then acetic acid (1 .3 
mL, 23 mmol) and sodium cyanoborohydride (1.13 g, 18 nunol) were added. The reaction 
mixture was stirred at room temperature for 1 h under argon. Then aqueous NaHCOs (50 
mL) was added, and the mixture was extracted with ethyl acetate, and the combined organic 
layers were washed with brine and water, dried ov^ Na2S04, filtered and concentrated. Hie 
residue was purified by chromatogr^hy on silica gel (EtOH / EtOAc, 1/9) to give 17 (600 
mg, 60%) as a white soKd. NMR (CDCI3) 6 7.73 (d, J - 8.7 Hz, 2H), 7.33-7.13 (m, 
9H), 7.00 (d, J = 8.7 Hz, 2H), 5.65 (d, J = 5.4 Hz, IH), 5.1 M.98 (m, 2H), 4,22 -3,68 (m 
overlapping s, 15H), 3.20-2.75 (m, 9H), 2.21-2.10 (m, 2H), 1.88-1.55(m,.5H), 1.29-1.19 (m, 
3H), 0.94-0.70 (m, 9H); ^^P NMR (CDCI3) 5 31.8 and 31.0; MS (ESI) 889 (M). 
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Example 7A 

Compound 19: To a stirred solution of compoimd 18 (3.7 g, 143 mmol) in 70 mL of 
acetonitiile at room temperature under Nz was added thionyl chloride (6.3 mL, 86 mmol). 
The resulted mixture was stirred at 60-70°C for 2 h. After cooled to room temperature, the 
solvent was removed under reduced pressure, and tlje residue was added 1 50 mL of DCM, 
followed by TEA (12 mL, 86 mmol) and 2-ethoxyphenol (7.2 mL, 57.2 mmol). After 2Qh at 
room temperature, the solvent was removed under reduced pressure, and the residue was 
diluted with ethyl acetate and washed with brine and water, dried over NajSO*, filtered and 
concentrated. The residue was purified by chromatography on siUca gel (DCMmtOAc 9:1) 
to give 19 (4.2 g, 60%) as a yellow oil. NMR (CDClj) 5 7.32-6.83 (m, 13H), 5.22 (m, 
IH). 5.12 (s, 2H), 4.12-3.73 (m, 6H), 2.52-2.42 (m, 2H), 1.41-1.37 (m, 6H); ^'P NMR 
(CDCI3) 5 25.4; MS (ESI) 522 (M+Na). 

Example 7B 

Compound 20: A solution of compound 19(3 g, 6 mmol) was dissolved in 70 mL of 
acetonitiile at O^C, lfacn2NNaOH (12 mL, 24 mmol) was added dropwisely. The reaction 
mixture was stirred at room temperature for 1 .5 h. Then the solvent was removed under 
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reduced pressure, and the residue diluted with water and extracted with ethyl acetate. Hie 
aqueous layer was acidified with cone. HCl to PH = 1 , then extracted with ethyl acetate, 
combined the organic layer and dried over Na2S04, filtered and concentrated to give 
compound 20 (2 g, 88%) as a off-white solid. 'H NMR (CDCI3) 6 7.33-6.79 (m, 9H), 5.10 (s, 
2H), 4.12-3.51 (m, 6H), 2.15-2.05 (m, 2H), 1.47-1 J3 (m, 3H); ^'P NMR (CDCI3) 8 30.5; 
MS (ESI) 380 (M+1). 

Example 7C 

Compound 21: To a stirred solution of compound 20 (1 g, 2.6 mmol) in 20 mL of acetonitrile 
at room temperature under N2 was added thionyl chloride (1 .1 mL. 1 5.6 mmol). The resulted 
mixture was stirred at 60-70°C for 45 min. After cooled to room temperature, the solvent was 
removed under reduced pressure, and the residue was added 25 mL of DCM, followed by 
TEA (1.5 mL, 10.4 mmol) and (S) lactate ethyl ester (0.9 mL, 7.8 mmol). After 20h at room 
temperature, the solvent was removed under reduced pressure, and the residue was diluted 
with DCM and washed with hrine and water, dried over NaaSO*, filtered and concentrated. 
The residue was purified by chromatography on siUca gel pCM / EtOAc 3:1) to give 21 
(370 mg, 30%) as a yellow oil. 'H NMR (CDCI3) 8 7.33- 6.84 (m. 9H). 6.17-6.01 (m. IH), 
5.70 (m, IH), 5.18-5.01 (m. 3H). 4.25-4.04 (m. 4H), 3.78-3.57 (m, 2H). 2.38-227 (m, 2H). 
1.5-1.23 (m. 9H); ^'P NMR (CDCI3) 5 29.2 and 27.3; MS (ESI) 502 (M+Na). 

Rxamplf. TD 

Compound 22: A solution of compound 21 (37Qmg) was dissolved in 8 mL of EtOH, then 
0.12 mL of acetic acid and 10 % Pd/C (72 mg) was added. The resulted mixture was stirred 
under H2 atmosphere (baUoon) for 4 h. After filtration through celite, the filtered was 
evaporated under reduced pressure to afford the compound 22 (320mg, 96%) as a colorless 
oil. 'H NMR (CDCI3) 727- 6.86 (m. 4H). 5.98 (s, 2H), 5.18-5.02 (m, IH), 425-4.06 (m, 
4H), 3.34-3.24 (m. 2H), 2.44-2.30 (m, 2H), 1.62-1.24 (m, 9H); ^'p NMR (CDCI3) 5 28.3 and 
26.8; MS (ESI) 346 (M+1). 
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Examplft kA 

Compound 24: Compound 23 was purified using a Dynamax SD-200 HPLC system. The 
moWe phase consisted of acetonitrile: water (65:35, v/v) at a flow rate of 70 mU min. Hie 
injection volume was 4 mL. The detection was by fluorescence at 245 mn and peak area 
ratios were used for quantitations. Retention time was 8.2 min for compound 24 as yellow 
oil. 'HNMR (CDCI3) 5 7.36-7.19 (m, lOH), 5.88 (m, IH), 5.12 (s, 2H), 4.90-4.86 (m. IH). 
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426-4.12 (m, 2H), 3.72-3.61(m, 2H). 2J6-Z29 (m. 2H), 1.79-1.74 (m, 2H); 1.27 (t, J = 7.2 
Hz, 3H). 0.82 (t, J = 72 Hz. 3H); ^'P NMR (CDCI3) 5 28.3; MS (ESI) 472 (M+Na). 

facample 8B 

Compound 25 was purified in tiie same manner and retention time was 7.9 min for compojind 
25 as yeUow oU. 'H NMR (CDCI3) 5 7.34-7.14 (m, lOH), 5.75 (m, IH). 5.10 (s, 2H), 4.96- 
4.91 (m. IH), 4.18-4.12 (m, 2H), 3.66-3 J5(m, 2H), 229-2.19 (m, 2H), 1.97-1.89 (m. 2H); 
121 (t, J = 72 Hz, 3H), 0.97 (t. J = 72 Hz, 3H); ^'P NMR (CDCI3) 5 26.2; MS (ESI) 472 
(M+Na). 

Compound 26: A solution of compound 24 (1 g) was dissolved in 20 mL of EtOH, then 0.3 
mL ofacetic acid and 10 %Pd/C (200 mg) was added. The resulted mixture was stined 
under H2 atmosphere (balloon) for 4 h. After filtration through celite, the filtered was 
evaporated under reduced pressure to afford the compound 26 (830mg, 99 %) as a colorless 
oil. 'H NMR (CDCI3) 5 7.46-7.19 (m. 5H), 4.92-4.81 (m. IH). 4.24-421 (m, 2S), 3.41-3.28 
(m, 2H), 2.54-2.38 (m, 2H), 1 .79-1.74 (m, 2H), 1.27 (t, J = 72 Hz. 3H), 0.80 (t, J = 72 Hz, 
3H); "P NMR (CDCI3) 8 26.9; MS (ESI) 316 (M+1). 



Example 8D 

Compound 27: A solution of compound 25 (700g) was dissolved in 14 mL of EtOH. then 
0.21 mL ofacetic acidand 10 % Pd/C (140 mg) was added. The resulted mixture was stirred 
under H2 atmosphere (balloon) for 4 h. After filtration through celite, the filtered was 
evqxirated under reduced pressure to afford the compound 27 (5 1 Omg. 98 %) as a colorless 
oil. 'HNMR(CDCl3)87.39-7.18(m.5H), 4.98-4.85 (m, IH). 4.25-422 (m, 2HX 3.43-328 
(m, 2H), 2.59-2.41 (m,2H), 1.99-1.85 (m,2H), 1 .28 (t, J = 72 Hz. 3H). 1 .02 (t, J = 72 Hz, 
3H); "P NMR (CDCI3) 8 24.2; MS (ESI) 316 (M+1). 



Example 8E 

Compound 28: To astirred solution of compound 16 (1.18 g, 2 mmol) m 9 mL of 12- 
dicMoroethane was added compound 26 (830 mg, 22 mmol) and MgS04 (80 mg), the 
resulted mixture was stirred at room temperature under argon for 3h, then acetic add (0.34 
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mL, 6 mmol) and sodium cyanoboiohydride (251ing, 4 mmol) were added. The reaction 
mixture was stirred at room temperature for 2 h under argon. Then aqueous NaHCOj (50 
mL) was added, and the mixture was extracted with ethyl acetate, and flie combined organic 
layers were washed with brine and water, dried over NajSO*, filtered and concentrated. The 
residue was purified by chromatography on silica gel (EtOH/EtOAc, 1/9) to give 28 (880 mg, 
50%) as a white solid. 'HNMR(CDC13)67.71 (d, J= 8.7Hz,2H), 735-7.16(m. 
9H). 6i>9 (d, J = 8.7 Hz, 2H), 5.64 (d, J = 5.4 Hz, IH), 5.03-J.85 (m. 3H), 4.24 -3.67 (m 
overlapping s, 15H). 3.14-2.70 (m. 9H). 2.39-228 (m. 2H), 1.85-1.51 (n.. 5H), 1.29-125 (m, 
3H), 0.93-0.78 (m, 9H); ^'P NMR (CDCI3) 8 292; MS (ESI) 912 (M+Na). 

Compound 29: To a stirred solution of compound 16 (857 g, 1.45 mmol) in 7 mL of 
dichloroethane was added compound 27 (600 mg, 1.6mmol)andMgSO4(60mg).the 
resulted mixture was stirred at room temperature under argon for 3h, thai acetic a^id (023 
mL, 3 mmol) and sodium cyanoborohydride (183mg, 2.9 mmol) were added. The reaction 
mixture was stirred at room temperature for 2 h under argon. Hien aqueous NaHCOj (50 
mL) was added, and the mixture was extracted with ethyl acetate, and the combined organic 

layerswerewashedwithbrineandwater,driedoverNa2S04,filleredandconcentrated. TTie 
residue was purified by chromatogrE5>hy on silica gel (EtOH/EtOAc, 1/9) to give 29 (650 mg, 
50 .%) as a white soUd. ^H NMR (CDCI3) 5 7.72 (d, J = 8.7 Hz, 2H), 7.35-7.16 (m, 
9H). 7.00 (d, J = 8.7 Hz, 2H), 5.64 (d, J = 5.4 Hz. IH), 5.03-4.90 (m. 3H). 4.17 -3.67 (m 
overlapping s. 15H), 3.16-2.77 (m. 9H), 2.26-2.19 (m, 2H), 1.94-1.53 (m, 5H), 1.26-1.18 (m, 
3H). 1.00-0.87 (m, 9H); ^'P NMR (CDCI3) 5 27.4; MS (ESI) 912 (M+Na). 
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Example 9A 

Compound 31: To a stiired solution of compound 30 (20 g, 60 mmol) in 320 mL of toluene 
at room temperature under N2 was added tfaionyl chloride (1 7.5 mL, 240 mmol) and a few 
drops of DMF. The resulted mixture was stirred at 60-70^0 for 3 k After cooled to room 
tenqjerature, flie solvent was removed under reduced pressure, and the residue was added 280 
mL of DCM, followed by TEA (50 mL, 360 mmol) and (S) lactate ethyl ester (17 mL, 150 
mmol). After 20h at room tempoature, the solvent was removed under reduced pressure, and 
the residue was dihited wifli DCM and washed with brine and water, dried over Na2S04, 
filtered and concentrated. The residue was purified by chromatography on siHca gel (DCM / 
EtOAc , 1:1) to give 31 (24 g, 92 %) as a yellow oil. 'H NMR (CDCI3) S 733-7,18 (m, lOH), 
5.94-6.63 (m, IH), 5.70 (m, IH), 5.12-4.95 (m, 3H). 4.24-4.14 (m, 2H), 3.72-3.59(m, 2H), 
2.35-220 (m, 2H), 1.58-1,19 (m, 6H); ^^P NMR (CDCI3) 6 28.2 and 26.2; MS (ESI) 458 
(M+Na). 

Example 9B 

Compound 32: Compound 31 was purified using aDynamax SD-200 HPLC system. The 
mobile phase consisted of acetonitrile: water (60:40, v/v) at a flow rate of 70 mU min. The 
injection votame was 3 mL. The detection was by fluorescence at 245 nm and peak area 
ratios were used fi>r quantitations. Retention time was 8. 1 min for compound 32 as yellow 
oil. »HNMR (CDCI3) 6 7.33-7.18 (m, lOH). 5.94-6,63 (m. IH). 5.70 (m, IH), 5.12-4.95 (m. 
3H), 424-4.14 (m, 2H), 3.72-3.59(m, 2H), 2.35-220 (m, 2H). 1.58-1.19 (m, 6H); ^'PNMR 
(CDCI3) 5 282; MS (ESI) 458 (M+Na). 

Example 9C 

Compound 33 was purified in the same manner and retention time was 7.9 min for cranpound 
33 as yellow oil. ^H NMR (CDCI3) 8 7,33-7,18 (m, lOH), 5.94-6,63 (m. IH), 5.70 (m, IH). 
5.12-4,95 (m, 3H), 424-4.14 (m, 2H), 3,72-3,59(m. 2H), 2.35-2.20 (m, 2H). 1.58-1.19 (m, 
6H); NMR (CDCI3) 8 262; MS (ESI) 458 (M+Na). 

Example 9D 

Compound 34: A solution of compound 33 (32 g) was dissolved in 60 mL of EtOH, then 0;9 
mL of acetic acid and 10 % Pd/C (640 mg) was added. The resulted mixture was stined 
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under Hj atmosphere (balloon) for 4 h. After filttatiou flirough celite, the filtered was 
evaporated imder reduced pressure to afford the compound 34 (2.7 g, 99 %) as a colorless oiL 
'H NMR (CDCI3) 8 7.42-7.18 (m, 5H). 6.10 (s. IE), 5.15-5.02 (m, IH). 4.24-t.05 (m. 2H). 
3.25-3.16 (m, 2H), 2.36-2.21 (m, 2H), 1.61-1.58 (m, 3H), 1.35- 1.18, m. 3H); ^'PNMR 
(CDCI3) 5 26.1; MS (ESI) 302 (M+1). 

Example 9E 

Compound 35: To a stirred sohition of compound 16 (8.9 g, 15 mmol) in 70 mL of 1,2- 
dichloioethane was added compound 34 (8.3 g, 23 mmol) and MgS04 (80 mg), the resulted 
mixture was stirred at room tsmpeiaime under argon for 2.5h, then acetic acid (3 mL, 52.5 
mmol) and sodium cyanoborohydride (1.9g, 30 mmol) were added, m reaction mixture was 
stirred at room temperature for 1 .5 h under argon. Then aqueous NaHCOa (100 mL) was 
added, and the mixture was extracted with ethyl acetate, and the combined organic layers 
were washed with brine and water, dried over NaaSO*. filtered and concentrated. The residue 
was purified by chromatography on siUca gel (EtOH/EtOAc, 1/9) to give 35 (8.4 g, 64 %) as 
a white soUd. 'h NMR (CDCI3) 5 7.73 (d, J = 8.7 Hz, 2H), 7.36.7.17(m, 9H). 7.00 (d, J = 8.7 
Hz, 2H), 5.64 (d, J = 5.1 Hz. IH), 5.07-4.97 (m, 3H), 4.19 -3.67 (m overlapping s. 13H). 
3.15-2.78 (m, 9H), 2 J5-2.19 (m, 2H), 1.91-1 .54 (m, dH), 1.24-1.20 (m. 3H). 0.94-0.87 (m, 
6H); ^'P NMR (CDCI3) 6 27.4; MS (ESI) 876 (M+1). 

Resolution of Compound 35 Diastereomers 

Analysis was performed on an analytical Daicel Chiralcel OD column (fig. 3, 4), conditions 
described below, with a total of about 3.5 mg compound 35 fiee base injected onto the 
column. This lot was about a 3:1 mixture of major to minor diastereomers where the lactate 
ester carbon is a 3: 1 nux of R and S configurations. 

Two injections of 3.8 and 3.5 mg each were made using the conditions described below. The 
isolated major diastereomer fractions were evaporated to dryness on a rotary evaporator 
under house vacuum. The chromatographic soh^ents were displaced by two portions of ethyl 
acetate followed by a single portion of ethyl acetate - trifluoroacetic acid (about 95:5) and a 
final high vacuum strip to aid in removal of trace solvaits. This yielded the major 
diastereomer trifluoroacetate salt as a gummy solid. 
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The resohred minor diastereomer was isolated for biological evaluation by an 1 1 mg 
injection, perfonned on an analytical Daicel Chiralcel OD column, using the conditions 
described in below. The minor diastereomer of 35 was isolated as the trifluoroacetate salt by 



the conditions described above. 

Larger scale injections 300 mg 35 per injection) were later performed on a Daicel 
Chiralcel OD column semi-preparative column with a guard coluimi(fig. 5), conditions 
described below. A minimal quantity of isopropyi alcohol was added to heptane to dissolve 
the 3:1 diastereomeric mix of 35 and tiie resolved diasteieomers sample, and the isolated 
fiactioos were refrigerated until the eluted mobile phase was stripped. 

Aaalvtical C ftlnmn^ ^ 4 mg Iniection, Heptane - EtOH f20;80) Initial (fig. 3^ 
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Temperature 
Injection 
Sample Prep. 



4 mg on Column 
Dissolved in 1 mL heptane - 
etiiyl alcohol (50:50) 



Ambient 



Retention Times 



: 35 Minor 14 min 



: 35 Major 25 min 



Analytical Colnmn, ^ 6 mg Injection. Heptane - EtOH f 6S;35) Initial ffig. 4^ 
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^LC CONDITIONS 



Colunm 
Mobile Phase 



Flow Rate 

RuDTime 

Detection 

Temperatme 

Injection 

Sample Prep. 



Retention Times 



mil 



: Chiralcel CD, 10 jim, 4.6 x 250 
: Heptane - Ethyl Alcohol (65:35 initial) 
: Heptane - Ethyl Alcohol (57.5:42.5 intennediate) 
Note: Intermediate began after impurity peaks eluted 
: Heptane - Ethyl Alcohol (20:80 final) 
Note: Final mobile phase began after noinor 
diastereomer eluted 



1.0 mL/min 
As needed 
UVat250nm 
Ambient 

4 mg on Column 
Dissolved in^ 1 mL heptane 
ethyl alcohol (50:50) 
: 35Nfinor'- 14min 



: 35 Major 40 min 



Scmi-Prcparative Column. ~ 300 mg In jection. Heptane - EtOH (65:35) Initial (fig, 5) 
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*LC CONDITIONS 



Colunms 



Mobile Phase 



Flow Rate 

RunTime 

Detection 

Temperature 

Injection 

Sample Ptep. 



Mill 



(guard) 



Mill 



Retention Times 



Chiralcel OD, 20 ^m, 21 x 50 
Chiralcel OD, 20 |im, 21 x 250 
Heptane - Ethyl Alcohol (65:35 initial) 
Heptane - Ethyl Alcohol (50:50 inteimediate) 
Note: Intermediate began after minor 
diastereom^ peak eluted 
: Heptane-Ethyl Alcohol (20:80 final) 
Note: Final mobile phase began after m^or 
diastereomeF began to elute 
10.0 mL/min 
As needed 
UVat260nm 
Ambient 

^ 300 mg on Column 
Dissolved in 3 J mL hetpane - 
ethyl alcohol (70:30) 
: 35 Minor'- 14 min 



: 35 Major- 40 min 
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Triflate derivative 1; A THF-CH2CI2 solution (3QmL-10 mL) of 8 (4 g, 6.9 mmol), cesium 
carbonate (2.7 g, 8 nimol), and N-phenyltrifluoiometiiane sulfoniniide (2.8 g, 8 mmol) was 
reacted overnight. The reaction mixture was woriced up, and concentrated to dryness to give 
QTude triflate derivative 1. 



Aldehyde 2: Crude inflate 1 (4.5 g, 6.9 mmol) was dissolved in DMF (20 mL), and the 
solution was ^gassed (high vacuum for 2 min, Ar purge, repeat 3 times). Pd(0Ac)2 (0.12 g, 
0.27 mmol), and bis(diphenylphosphino)propane (dppp, 0.22 g, 0.27 mmol) were added, the 
solution was heated to 70°C. Carbon monoxide was rapidly bubbled through the sohition, 
then under 1 atmosphere of carbon monoxide. To tiiis solution were slowly added TEA (5.4 
mL, 38 mmol), and triethylsilane (3 ml), 18 mmol). The resulting sohition ym stirred 
overnight at room temperature. The reaction mixture was worked \xp, and purified on silica 
gel column doomatograph to afford aldehyde 2 (2.1 g, 51 %). (Hosteder, et al J. Org. Chem., 
1999. 64, 178-185). 



Lactate prodrug 4: Compound 4 is prepared as described above procedure for Example 9E, 
Compound 35 by tiie reductive aminatian between 2 and 3 with NaBHjCN in 1,2- 
dichloroethane m the presoice of HOAc. 



Example 30 Preparation of Compound 3 

Diethyl (cyano(dimethyl)methyl) phosphonate 5: A THF solution (30 mL) of NaH (3.4 g of 
60% oil dispersion, 85 mmol) was cooled to - WC, followed by the addition of diethyl 
(cyanomethyl)phosphonate (5g, 28.2 mmol) and iodomethane (17 g, 1 12 mmol). The 
resulting solution was stirred at -10*C for 2 hr, (hen 0°C for 1 hr, was worked up, and 
purified to give dimethyl derivative 5 (5 g, 86 %). 

Dietyl (2-amino-l,l.dimethyl-efliyl)phosphonate 6: Compound 5 was reduced to amme 
derivative 6 by the described procedure (J. Med. Chem. 1999, 42, 5010-501 9). 
A solution of ethanol (150 mL) and IN HCl aqueous solution (22 mL) of 5 (22 g, 10.7 
mmol) was hydrogenated at 1 atmosphere in the presence of Pt02 {125 g) at room 

temperature overnight The catalyst was filtered through a ceUte pad. Thefihratewas 
concentrated to dryness, to give crude 6 (2.5g, as HCl salt). 
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2-Aimno-.l,l dimethyl-ethyl phosphonic acid 7: A solution of CH3CN (30 mL) of crude 6 
(2.5 g) was cooled to 0*^0, and treated with TMSBr (8 g, 52 mmol) for 5 hr. The reaction 
mijrture was stirred with methanol for 1 .5 hr at room temperature, concentrated, recharged 
with methanol, concentrated to diyness to give mide 7 which was used for next reaction 
without further purification. 

Lactate phenyl (2-amino-l,l-dimethyI-ethyl)phosphonate 3: Compound 3 is synthesized 
according to the procedures described in Example 9D, Compound 34 for the preparation of 
lactate phenyl 2-aminoethyl phosphonate 34. Compound 7 is protected with CBZ, followed 
by the reaction with thionyl chloride at 70^C. The CBZ protected dichloiodate is reacted 
phenol in the presence of DIPEA. Removal of one phenol, follow by coupling with ethyl L- 
lactate leads N<:BZ-2-amino-l,l-dimethyl.ethyl phosphonate de^^ Hydrogenation of 
N-CBZ derivative at I atmosphere in the presence of 1 0 % Pd/C and 1 eq. of TFA affords 
compound 3 as TFA salt. 
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Example 1 

Monophenol Allylphosphonate 2: To a solution of allylphosphonic dichloride (4 g, 25.4 
mmol) and phenol (5.2 g, 55.3 mmol) in CH2CI2 (40 mL) at O'C was added TEA (8.4 mL, 60 
nunol). After stirred at room temperature for 1 .5 h, the mixture was diluted wifli hexanc- 
ethyl acetate and washed with HCl (0.3 N) and water. The organic phase was dried over 
MgS04, filtered and concentrated under reduced pressure. The residue was filtered through a 
pad of silica gel (eluted with 2:1 hexane-ethyl acetate) to afford crude product diphenol 
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allylphosphonate 1 (7.8 g, containing the excessive phenol) as an oil which was used directly 
without any further purification. The crude material was dissolved in CH3CN (60 xnL), and 
NaOH (4.4N, 15 mL) was added at 0**C. The resulted mixture was stirred at room 
temi)mture for 3 h, then neutralized with acetic acid to pH = 8 and concentrated under 
reduced pressure to remove most of the acetonitrile. The residue was dissolved in water (50 
mL) and washed with CH2CI2 (3X25 mL). The aqueous phase was acidified with 
concentrated HCl at 0*^C and extracted with ethyl acetate. The organic phase was dried over 
MgS04, filtered, evaporated and co-evaporated with toluene under reduced pressure to yield 
desired monophenol allylphosphonate 2 (4.75 g. 95%) as an oil. 

Example 2 

Monolactate Allylphosphonate 4: To a solution of monqpbenoi allylphosphonate 2 (4.75 g, 
24 mmol) in toluene (30 mL) was added SOCh (5 mL, 68 mmol) and DMF ( 0.05 mL). After 
stilted at 65°C for 4 h , the reaction was completed as shown by ^^P NMR. The reaction 
mixture was evaporated and co-evaporated with toluene und^ reduced pressure to give mono 
chloride 3 (5.5 g) as an oil. To a solution of chloride 3 in CH2CI2 (25 mL) at 0°C was added 
ethyl (s)-Iactate (3.3 mL, 28.8 mmol), followed by TEA. The mixture was stirred at O^'C for 5 
min thm at room temperature for 1 h, and concentrated under reduced pressure. The residue 
was partitioned between ethyl acetate and HCl (0.2N), the organic phase was washed with 
water, dried over MgS04, filtered and concentrated under reduced pressure. The residue was 
purified by chromatography on silica gel to afford desired monolactate 4 (5.75 g, 80%) as an 
oil (2: 1 mixture of two isomers): NMR (CDCI3) 5 7.1-7.4 (m, 5H), 5.9 (m, IH), 5.3 (m, 
2H), 5.0 (m, IH), 42 (m, 2H), 2.9 (m, 2H), L6; 1.4 (d. 3H), 1.25 (m, 3H); ^^P NMR (CDCI3) 
5 25.4, 23.9. 

Example 3 

Aldehyde 5: A solution of allylphosphonate 4 (2.5 g, 8.38 mmol) in CH2CI2 (30 mL) was 
bubbled with ozone air at-78°C until the solution became blue, then bubbled with nitrogen 
until the blue color disappeared. Mefliyl sulfide (3 mL) was added at -78^C. The mixture 
was wanned up to room temperature, stirred for 16 h and concentrated under reduced 
pressure to give desired alddiyde S (3.2 g, as a 1 :1 mixture of DMSO): NMR (CDCI3) 5 
9.8 (m, IH), 7.1-7.4 (m, 5H), 5.0 (m, IH), 4.2 (m, 2H), 3.4 (m, 2H), 1.6; L4 (d, 3H), 1.25 (m, 
3H); ^^PNMR(CDCl3)5 17.7, 15.4. 
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Example 4 

Compound 7: To a solution of aniline 6 (reported before) (1.62 g, 2.81 mmol) in THF (40 
mL) was added acetic acid (0.8 mL, 14 mmol), followed by aldehyde 5 (1 .3 g, 80%, 3.46 
mmol) and MgS04 (3 g). The mixture was stirred at room temperature for 0.5 h, then 
NaBHaCN (0.4 g, 6.37 mmol) was added. After stirred for I h, the reaction mixture was 
filtered. The filtrate was diluted with etiiyl acetate and washed with NaHCOj, dried ovw 
MgS04, filtered and concentrated under reduced pressure. The residue was purified by 
chromatography on silica gel to give compound 6 (l.lg, 45%) as a 3:2 mixture of two 
isomers, which were separated by HPLC (mobile phase, 70% CH3CN/H2O; flow rate: 70 
mL/min; detection: 254 nm; cohmm: 8n CI 8, 41X250 mm. Varian). Isomer A (0.39 g): 
NMR (CDCIa) 8 7.75 (d, 2H), 7.1-7.4 (m, 5H), 7.0 (m, 4H), 6.6 (d. 2H), 5.65 (d, IH), 5.05 
(m, 2H), 4.9 (d, IH), 4.3 (brs. IH). 4.2 (q. 2H), 3.5^.0 (m, 6H), 3.9 (s, 3H). 2.6-3.2 (m, 9H), 
2.3 (m, 2), 1.6-1.9 (m, 5H), 1.25 (t, 3H), 0.9 (2d, 6H); ^'P NMR (CDCI3) 8 26.5; MS (ESI): 
862 (M+H). Isomer B (0.59 g): 'H NMR (CDCI3) 5 7.75 (d, 2H), 7.1-7.4 (m, 5H), 7.0 (m. 
4H). 6.6 (d, 2H), 5.65 (d, IH). 5.05 (m. 2H), 4.9 (d, IH), 4.5 (brs, IH), 42 (q, 2H), 3.5-4.0 
(m. 6H). 3.9 (s, 3H), 2.7-3.2 (m, 9H), 2.4 (m. 2), 1.6-1.9 (m. 2H), 1.4 (d, 3H). 1.25 (t, 3H), 
0.9 (2d, 6H); ^^P NMR (CDCI3) 8 28.4; MS (ESI): 862 (M+H). 
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Example 5 



Acid 8: To a solution of compound 7 (25 mg. 0.029 nnnol) in acetonitrile (1 xnL) at Q-C was 
added NaOH (IN. 0.125 mL). Tt. mixture stined at O'C for 0.5 h and at room 
temperature for IL The reaction was quenched with acetic acid and purified by HPLC to 
give acid 8 (10 mg. 450/0). 'HNMR(CD30D) 8 7.8 (d,2H). 7.5 (d.2H). 7.4(d,2H) 7I(d 
2H).5.6(d,lH).4.9(m.3H). 3.2-4.0 (m, 6H). 3.9 (s, 3H). 2.6-3.2 (m, 9HX 2.05 (m 2) li 
1.7 (m, 2H). 1.5 (d, 3H). 0.9 (2d. 6H); ^'p nMR (CD3OD) 5 20.6; MS (ESI): 758 (M+H) 
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Example 6 

Diacid 10: To a solution of Inflate 9 (94 mg, 0214 nimol) in CH2CI2 (2 mL) was added a 
solution of aniline 6 (100 mg, 0.173 mmol) in CH2CI2 (2 mL) at -40'*C, followed by 2,6- 
lutidine (0.026 mL). The mixture was wanned up to room temperature and stirred for 1 L 
Cesium carbonate (60 mg) was added and the reaction mixture was stirred for additional 1 h. 
The mixture was diluted with ethyl acetate, washed witii HCl i02tf), dried over MgS04, 
filtered and concentrated under reduced pressure. The residue was purified by HPLC to 
afford dibenzyl phosphonate (40 mg). To a solution of this dibenzyl phosphonate in etiianol 
(3 mL) and ethyl acetate (1 mL) was added 10% Pd/C (40 mg). Hie mixture was stirred 
under hydrogen atmosphere (balloon) for 4 h. The reactioa mixture was diluted with 
methanol, filtered and concentiated under reduced pressure. The residue was washed wifli 
efliyl acetate aod dried to give desired product diacid 10 (20 mg). 'H NMR (CD3OD) 8 7.8 
(d, 2H), 7.3 (d, 2H), 7.1 (2d, 4H). 5.6 (d, IH), 4.9 (m, 2H), 3.4-4.0 (m, 6H), 3.9 (s. 3H). 2.5- 
3.2 (m, 9H), 2.0 (m, 2), 1.4-1.7 (m, 2H), 0.9 (2d, 6H); ''P NMR (CD3OD) 5 22.1; MS (ESI): 
686 (M+H). 
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The synthesis of compound 19 is ouflined in Scheme 3. Condensation of 2-methyl-2- 
propanesulfinamide with acetone give sulfiny] imine 11 (J. Org. Chem. 1999, 64, 12). 
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Addition of dimethyl methylphosphonate lithium to 11 affoni 12. Acidic melhanolysis of 12 
provide amine 13. Protection of amine with Cbz group and removal of methyl groups yield 
phosphonic acid 14, which can be converted to desired 15 using methods reported eaiUer on. 
An alternative synthesis of compound 14 is also shown in Scheme 3. Commercially available 
2-amino-2-methyH-propanol is converted to aziiidines 16 according to literature methods (J. 
Org. Chem. 1992, 57. 5813; and Syn. Lett 1997, 8, 893). Aziridine opening with phosphite 
give 17 (Tetrahedron Lett. 1980, 21, 1623). Deprotection (and. if necessary, reprotection) of 
17 afford 14. Reductive amination of amine 15 and aldehyde 18 provides compound 19. 



0^ .. il. HOAc, NaCNBHg 
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Example 1 

2-{[2-{4-{2-(Hexahydro-fiiro[2,3-b]fiiraiv-3-yIoxycar^ 

methoxy-benzenesiilfonyl)-ammol-butyl}-bei^ 

propionic acid ethyl ester 2 (Compound 35, previous Example 

A solutiott of 1 (2.07 g, 3.51 mmol) and 4 (1.33 g, 3.68 mmol of a 4:1 mixture of two 
diastereomers at the phosphorous center) were dissolved in 14 mL of (CH2Cl2)2 to provide a 
clear solution. Addition of MgS04 (100 mg) to the solution resulted in a white cloudy 
mixture. The solution was stirred at ambient temperature for 3 hours when acetic acid (0.80 
mL, 14.0 mmol) and sodium cyanoborohydiide (441 mg» 7.01 mmol) were added. Following 
the reaction progress by TLC showed complete consumption of the aldehyde starting 
materials in 1 hour. The reaction mixture was worked up by addition of 200 mL of saturated 
aqueous NaHCOs and 400 mL of CHjCb* The aqueous layer was extracted with CHzCfe two 
more times (2 x 300 mL). The combined organic extracts were dried in vacuo and purified 
by column chromatography (EtOAc- 10% MeOH: EtOAc) to provide the deshed product as a 
foam. The early eluting compound fixnn the colunm was collected and characterized as 
alcohol 3 (81 0 mg, 39%). Addition of TFA (3 x 1 mL) generated flie TFA salt which was 
lyopholized fix)m 50 mL of a 1 : 1 CH3CN: H2O to provide 1 .63 g (47%) of the product 2 as a 
white powder. NMR (CD3CN) 5 8 J13 (br s, 2H), 7.79 (d, J= 8.4 Hz, 2H), 7.45- 7.13 (m, 
9H), 7.09 (d, 8.4 Hz, 2H), 5.86 (d, J= 9.0 Hz, IH), 5.55 (d, 7= 4.8 Hz, IH), 5.05-4.96 (m, 
IH), 4.96- 4.88 (m, IH), 4.30-4.15 (m, 4H), 3.89 (s, 3H), 3.86- 3.76 (m, 4H), 3.70- 3.59 (m, 
4H), 3.56- 3.40 (m, 2H), 3.34 (d, > 15 Hz, IH), 3.13 (d, 7= 13,5 Hz, IH), 3.06- 2.93 (m, 
2H), 2.92- 2.80 (m, 2H), 2.69- 2.43 (m, 3H), 2.03- 1.86 (m, IH), L64- 1.48 (m, IH), 1.53 and 
1 .40 (d, J= 6.3 Hz, J= 6.6 Hz, 3H), 1.45- 1.35 (m, IH), 1.27 and 1.23 (t, /= 6.9 Hz, J= 7.2 
Hz, 3H), 0.90 (t, 6.9 Hz, 6H). ^^P NMR (CD3CN) 6 24.47, 22.86. ESI (M+ 876.4. 
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H2N 



0 



OEt 



H y 




ZY-1751-125 



OMe 



MgS04, CH2CI2 



ii. HOAc, NaCNBHs 
BLTFA 



MF-1912-67 




BaF-1912-68 



oiuie 



/ 

6° 



OEt 



O 

O'^CFg 



2-{(2<4-{2.<Hexahydro-fiiro[2^-b]furan-3-yIoxycaA(m 

methoxy-beiizenesulfonyl)-anuno]-butyl}-benzylai^ 
propionic acid e%l ester (MF-1912-68): 

A solution of MF.1912^J7 (0.466 g. 0.789 mmol) and ZY.175M25 (0.320 g, 0.789 
nunol of a 1:1 mixture of two diastereomers at the phosphorous center) were dissolved in 3.1 
mL of (CHiPkh to provide a clear solution. Addition of MgS04 (20 mg) to the solution 
resulted in a white cloudy mixture. The sohition was stined at ambient temperature for 3 
hours when acetic acid (0.181 mL, 3.16 mmol) and sodium cyanoborohydride (99 mg. 1.58 
lol) were added. Following the reaction progress by TLC showed complete consumption 
of the alddiyde startmg materials in 1 .5 hour. The reaction mixture was worked up by 
addition of 50 mL of saturated aqueous NaHCOa and 200 mL of CHjCh. He aqueous layer 
was extracted wifli CH2CI2 two more times (2 x 200 mL). Hie combined organic extracts 
were dried in vacuo and purified by column chromatography (EtOAc- 10% MeOH: EtOAc) 
to provide the desired product as a foam. The early eluting compound from the column was 
coUected and characterized 1o be MF-191248b alcohol (190 mg. 41%). Addition of TFA (3 
X 1 mL) generated the TFA salt which was lyopholized from 50 mL of a 1 :1 CH3CN: H2O to 
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provide 0.389 g (48%) of the product as a white powder. 'H NMR (CDSO^ 6 8 J9 (br s, 
2H), 7.79 (d, J= 8.7 Hz, 2H), 7.40 (d, J= 7.5 Hz. 2H), 7.34 (d, J= 8.1 Hz, 2H), 7.26-7.16 (m, 
2H), 7.10 (d, J= 9 Hz, 3H), 7.01- 6.92 (m, IH), 5.78 (d,^ 9.0 Hz, IH), 5.55 (d, ^ 5.1 Hz, 
IH), 5.25-5.03 (m, IH), 4.95- 4.88 (m, IH), 4.30- 4.17 (m, 4H),4.16- 4.07 (m, 2H), 3.90 (s, 
3H), 3.88-3.73 (m, 4H), 3.72- 3.60 (m, 2H), 3.57- 3.38 (m, 2H), 3.32 (hr d, y= 153 Hz, IH), 
3.13 (br d, J= 14.7 Hz, IH), 3.05- 2.92 (m, 2H), 2.92- 2.78 (m, 2H), 2.68- 2.48 (m, 3H), 2.03- 
1.90 (m, IH), 1.62- 1.51 (m. IH). 1.57 and 1.46 (d.^ 6.9 Hz, J= 6.9 Hz, 3H), U6- 1.50 (m, 
IH), 1.43- 1.35 (m, 4H), 1.33- 122 (m, 3H), 0.91 (t, 7= 6.6 EIz, 6H). ''p NMR (CD3CN) 6 
25.27, 23.56. ESI (M+ Y£f 920.5. 
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Example 1 

Mono-Ethyl mono-lactate 3: To a solution of 1 (96mg. 0.1 37 mmol) and ethyl lactate 2 (0.31 
mL, 2.7 mmol) in pyridine (2 mL) was added N, N-dicyclohexylcarbodiimide (170 mg. 0.822 
nunol). The solution was stiired for I8h at 70°C. The mixture was cooled to room 
temperature and dUuted with dichloromethane. The solid was removed by filtration and the 
filtrate was concentrated. The residue was suspended in diethyl ether/dichloromethane and 
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filtered again. The fUtrate was concentrated and mfarture was chromatographed on silica gel 
elating witii EtOAc/hexane to provide compound 3 (43 mg, 40%) as a foam: 'H NMR 
(CDCI3) 5 7.71 (d, 2H). 7.00 (d, 2H); 7.00 (d, 2H), 6.88 (d, 2H). 5.67 (d, IH), 4.93-5.07 (m. 
2H), 4. 15-4.39 (m, 6H), 3.70-3.99 (m, lOH), 2.76-3.13 (m, 7H), 1.55-1.85 (m. 9H). 123-1.41 
(m, 6H), 0.90 (dd, 6H); ^'P NMR (CDCI3) 6 19.1, 20.2; MS (ESI) 823 (M+Na). 



Example 2 

Bis-2A2-trifluoroethyl phosphonate 6: To a solution of 4 (154mg, 0.228 mmol) and 222,- 
trifluoroethanol 5 (1 mL, 13.7 mmol) in pyridine (3 mL) was added N, N- 
dicyclohexylcarbodiimide (283 mg, 1.37 mmol). ITie soMon was stiixed for 6.5h at 70°C. 
The mixture was cooled to room temperature and diluted with dichloromethane. The solid 
was removed by filtration and Has filtrate was concentrated. The residue was suspended in 
dichloromethane and ffltered again. The fillrate was concentrated and mixture was 
chromatographed on silica gel eluting with EtOAc/hexane to provide compound 6 (133 mg, 
70%) as a foam: NMR (CDCI3) S 7.71 (d, 2H), 7.21 (d. 2H); 7.00 (d, 2H). 6.88 (dd, 2H). 
5.66 (d, IH), 4.94-5.10 (m, 3H), 4.39-4.56 (m, 6H), 3.71-4.00 (m, lOH), 2,77-3.18 (m. 7H). 
1.67-1. 83(m. 2H). 0.91 (d4 4H); ''P NMR (CDQj) 8 22.2; MS (ESI) 859 (t^Na). 



Example 3 

Mono-2 A2-trifluoroethyl phosphonate 7: To a solution of 6 (930nig, 1.11 mmol) m IHF (14 
mL) and water (10 mL) was added an aqueous solutirai of NaOH in water (IN, 2.2 mL). The 
solution was stirred for Ih at OT. An excess amount of Dowex resin (H^ was added to until 
pH=l . The mixture was filtered and the filtrate was concentrated under reduced pressure. 
The concentrated solution was azeotroped witib EtOAc/toluene three times and the white 
powder was dried in vacuo [wovide compound 7 (830 mg, 100%). 'H NMR (CDCI3) 5 7.71 
(d, 2H), 7.11 (d, 2H); 6.99 (d, 2H). 6.85 (d, 2H). 5.63 (d. IH), 5.26 (m, IH). 5.02 (m, IH). 
4.40 (m, IH), 4.14 (m, 4H), 3.60-3.95 (m. I2H), 2.62-3.15 (m. 15H), 1.45-1.84 (m. 3H), 1.29 
(m, 4H), 0.89 (d, 6H); ''P NMR (CDCI3) 8 19.9; MS (ESI) 723 (M+Na). 



Example 4 

Mono-2,2>trifluoroethyImono-lactate 8: To a solution of 7 (754mg, 1 mmol) andN, N- 
dicyclohexylcarbodiimide (1 .237 g, 6 mmol) in pyridine (10 mL) was added ethyl lactate 
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(2.26mL,20nunol). The solution was stirred for 4.5h at 70°C. The mixture was 
concentialed and tiie residue was suspended in diefliyl elher (5 mL) and dichloromethane (5 
mL) and filtered. Hie solid was washed a few times with diethyl ether. The combined 
filtrate was concentrated and the crude product was chromatographed on silica gel. eluting 
with EtOAc and hexane to provide compound 8 (610 mg, 71%) as a foam. NMR (CDCl,) 
5 7.71 (d, 2H). 7.16 (d, 2H); 6.99 (d, 2H), 6.88 (dd, 2H), 5.66 (d, IH), 4.95-5.09 (m. 2H). 
4.19^.65 (m, 6H), 3.71-4.00 (m, 9H), 2.76-3.13 (m. 6H). 1.57-1.85 (m, 7H). 1.24-1.34 (m, 
4H). 0.91 (dd. 6H); ^'P NMR (CDCIj) 8 20.29, 21.58; MS (ESI) 855 (M+1). 

Example 1 

Boc-protected hydroxylamine 1: A sohition of diethyl hydioxymethyl phosphonate triflate 
(0.582 g, 1.94 mmol) in dichloromethane (19.4 mL) was treated with triethylamine (0.541 
mL, 3.88 mmol). Tert-butyl N-hydroxy-caibamate (0284 g, 2.13 mmol) was added and the 
reaction mixture was stirred at room temperature ovemig^it. The mixture was partitioned 
between dichloromethane and water. The oiigamc phase was washed with saturated NaCl, 
dried (MgS04) and evaporated under reduced pressure. The crude product was purified by 
chromatography on silica gel (1/1 - ethyl acetate/hexane) affording the BOC-protected 
hydroxylamine 1 (0.41 g, 75%) as an oil: 'H NMR (CDCI3) 8 7.83 (s. IH). 4.21 (d, 2H). 4.18 
(q, 4H). 1.47 (s. 9H), 1.36 (t, 6H); ''p NMR (CDCI3) 5 193. 



Example 2 

Hydroxylamine 2: A solution of BOC-protected hydroxylamine 1 (0.305 g. 1.08 mmol) in 
dichlorometiiane (2.40 mL) was treated with trifluoroacetic add (0.829 mL. 10.8 mmol). The 
reaction was stirred for 1 .5 hows at room temperature and then the volatiles were evaporated 
under reduced pressure with toluene to afford the hydroxylamine 2 (0.31 8 g, 100%) as the 
TFA salt which was used directly without any fijrther purification: 'H NMR (CDCI3) S 1 0.87 
(s. 2H), 4.45 (d, 2H), 4.24 (q, 4H), 1.38 (t, 6H); ^'P NMR (CDCI3) 5 16.9; MS (ESI) 184 
(M+H). 

Example 3 

Oxhne 4: To a solution of aldehyde 3 (96 mg, 0. 163 mmol) in 1,2-dichloroelhane (0.65 mL) 
was added hydroxylamine 2 (72.5 mg. 0.244 mmol). triethylamine (22.7 jiL. 0.163 mmol) 
and MgS04 (10 mg). The reaction mixfaire was stirred at room temperature for 2 hours then 
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the mixture was partitioned between dichloromethane and water. The organic phase was 
washed with saturated NaCl. dried (MgSO,) and evaporated under reduced pressure. Tte 
crude product was purified by chromatography on siKca gel (90/1 0 - ethyl acetate/hexane) 
affording. 08-277771, oxime 4 (0.104 g, 85%) as a soKd: 'h NMR (CDCI3) 8 8.13 (s, IH). 
7.72 (d, 2H). 7.51 (d. 2H), 727 (d, 2H), 7.00 (d, 2H), 5.67 (d, IH). 5.02 (m, 2H), 4 54'(d, ' 
2H), 4.21 (m, 4H). 3.92 (m. IH). 3.89 (s. 3H), 3.88 (m, IH), 3.97-3.71 (m. 2H). 3.85-3.70 (m. 
2H), 3.16-2.99 (m, 2H), 3.16-2.81 (m, 7H), 1.84 (m. IH), 1.64-1.48 (m, 2H). 1.37 (t. 6H), 
0.94-0.90 (dd, 6H); NMR (CDCI3) 8 20.0; MS (ESI) 756 (M+H). 

Scheme 1 
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I.Ethyl(S)-(-)lactate/Ben20triazol-1-yloxytripyrrolidinophosphoniurn hexafluorophosphate/ 
DIPEA/EtOAc; II. H2/20%Pd-C/EtOAc-EtOH; III. ROH/BenzotriazoH- 
yloxytripyrrolidinophosphonium hexafluorophosphate/ DIPEA/EtOAc 
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Exam pis t 

Compound 1 was prepared according to methods from previous Schemes 
Example 2 

Compound 2: To a solution of compound 1 (5.50 g, 730 mmol), BenzQtriazoI-1- 
yloxytiipynolidinophosphonium hexafluoiophosphate (5.70g, 10.95 mmol), and Ethyl(S> 
(-)lactate (1.30 g. 10.95 mmol) in DMF (50 mL) was added Diisopropylethylamme(5.08 mL. 
29.2 mmol). The mixtwe was stirred for 7 hours after which was diluted in EtOAc. Hie 
organic phase was washed with H2O (5X), brine, dried over MgS04 and concem ated in 
vacuo. The residue was purified by sUica gel chromatography (CHzCiyisopropanoI" 100/4) 
to give 3.45 g of compound 2. 



was 



Example 3 

Compound 3: To the mixture of compomid 2 (3.45 g) in EtOH/EtOAc (300 mL/100 mL) 
added 200/0 Pd/C(0.700 g). TTxe mixture was hydrogenated for 1 hour. Celite was added and 
the mixture was stined for 10 minutes. Hie mixture was filtered through a pad of ceUte and 
washed with ethanol. Concentration gave 2.61 g of compound 3. 

Fxamplft 4. 

Compomui 4: To a solution of compound 3 (1.00 g, 129 mmol) in dry dimethylformamide 
(5 mL) was added 3-Hydroxy-benzoic acid benzyl ester (0.589 g, 2.58 mmol), Benzotriazol- 
1-yloxytripyrroUdinophosphonimn hexafluoiophosphate (1.34 g, 2.58 mmol), followed by 
addition of Diisopropylethylamine (900 nL. 5.16 mmol). "nie mixture was stirred for 14 
horns, the resuWng residue was diluted in EtOAc. washed with brine (3x) and dried over 
sodimn sulfate. Shared, and concentrated under reduced pressure. Ihe residue was purified 
by silica gel chromatography (CH2Cl2/Isopropanol= 1 00/3) to provide 67.3 mg of compomid 
4: 'H NMR (CDCI3) 8 7.91 (2H.d. J=8.9 Hz), 7.75 (2H. m). 7.73-7.3 (13H,m). 725 (2H, m). 
7.21-6.7(6H. m). 5.87(1H. m). 5.44.8(6H, m), 4.78-4.21 (4H. m), 3.98 (3H,s). 2.1-1.75 (8H, 
m), 1 .55 (3H. m), 1.28(3H, m), 0.99(6H, m). 



Examplft S 

Compomid 5: To a solution of compound 3 (1.40 g, 1.81 mmol) in dry dimethylformamide 
(5 mL) was added (4-Hydroxy-benzyl)-carbamic add tert-butyl ester (0.80 g, 3.62 mmol). 
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Ben2»triaz»l-l-ylo3qftripyiroHdiiK>phosphom ljexaflii0roplioq)hate (1.74 g, 3.62 mmol), 
followed by addition of Diisopropylethylanune (1.17 ml, 7.24 mmol). The mixture was 
stiired for 14 hours, the resulting residue was diluted in EtOAc, washed with brine (3x) and 
dried over sodium sulfete, filtered, and concentrated under reduced pressure. The residue 
was purified by silica gel daomatography (CHzCfc/IsopropanoH 100/3.5) to provide 770 mg 
of compound 5: 'H NMR (CDQa) 8 7.8(2H. d, J=8.9Hz), 7.4 (2H, m), 7.3-6.8 (8H, m), 5.75 
(IH, m), 5.3-5.1(2H. m), 4.6-4.23 (4H,m). 3.98 (3H, sX 3.7-2.6 (15H. m). 2.2-1.8 (12H. m), 
1 .72 (3H, s), 1 .58(3H, m), 1 .25 (3H. m), 0.95 (6H, m). 



Example 6 

Compound 6: To a solution of compound 3 (1.00 g, 1.29 mmol) in dry dimethylfoimamide 
(6 mL) was added 3-Hydroxybenzaldehyde (0.320 g, 2.60 mmolX Benzotriazol-l- 
yloxytripyiTolidinophosphonium hexafluorophosphate (1.35 g, 2.60 mmol), followed by 
addition of Diisopropyleliiylamine (901 ^L, 5.16 mmol). The mixture was stined for 14 
hours, the resulting residue was diluted in EtOAc, washed with brine (3x) and dried over 
sodium sulfate, filtered, and concentrated under reduced pressure. The residue was purified 
by siUca gel chromatography (CHjCh/Isopropanol^ 100/5) to provide 880 mg of compound 
6. 



Compound 7: To a solution of compound 3 (150 mg, 0.190 mmol) in dry 
dimethylfonnamide (I mL) was added 2-Ethoxy-phenol (48.0 pL, 0.380 mmol), 
Benzotriazol-l-yloxytripyrrolidinophosphonium hexafluorophosphate (198 mg, 0380 mmol), 
followed by addition of Diisopropylethylanune (132 fiL, 0.760 mmol). The mixture was 
stirred for 14 hours, the resulting residue was diluted in EtOAc, washed with brine (3x) and 
dried over sodium sulfete, filtered, and concentrated under reduced pressure. The residue 
was purified by silica gel chromatography (CHzCfc/Isopropanol' 100/4) to provide 84.7 mg 
of compound 7: 'H NMR (CDCI3) 6 7.73 (2H, d, J=8.9 Hz), 7.1 5 (2H, m), 7.01-6.9 (8H. m). 
5.66 (IH, m), 5.22-5.04 (2H, m), 4J6- 42 (6H. m), 4.08 (2H, m), 3.89 (3H, m), 3.85-3.69 
(6H, m), 3.17-2.98 (7H. m), 2.80(3H, m) 1.86 (IH, m),1.65(2H. m), , 1.62-1.22 (6H, m), 
0.92(6H, m). 



Example 8 
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Compound 8: To a solution of compound 3 (50.0 mg, 0.0650 mmol) in dry 
dimethylfonnamide (1 mL) was added 2-(l.methylbutyl) phenol (21.2 mg, 0.130 imnol), 
Benzotriazol-l-yloxytripynolidinophosphoniumhexafluorophosphate (67.1 mg, 0.130 
mmol), followed by addition of Diisopropyletfaylamine (45.0 liL, 0.260 mmol). The mixture 
was stirred for 14 hours, the resulting residue was diluted in ElOAc, washed with brine (3x) 
and dried over sodmm sulfate, filtered, and concentrated under reduced pressm«. Hie residue 
was purified by reversed phase HPLC to provide 820 mg of compomid 8: 'H NMR (CDCfe) 
6 7.73 (2H, d, J=8.9 Hz), 7.25 (2H, m), 721^.89 (8H, m), 5.7(1H, m), 529^4.9 (2H. m). 
4.56- 4.2 (6H, m), 3.89 (3H, m), 3.85-3.69 (6H, m). 3.17-2.89 (8H, m), 2.85(3H. m), 2.3- 
1.65(4H, m), 1.55-1 .35 (6H, m), 0.92(6H, m). 



Example 9 

Compound 9: To a sohition of compound 3 (50.0 mg, 0.0650 mmol) in dry 
dimethylfennamide (1 mL) was added) 4-N-Butylphenol (19.4 mg, 0.130 mmol), 
Benzotriazol-l-yloxytripsmwlidmophosphonramhexafluorophosphate (67.1 mg, 0.130 
mmol), foDowed by addition (45.0 ^L, 0.260 mmol) of Diisopropyletfaylamine. Tb, mixture 
was stirred for 14 horns, the resulting residue was diluted in EtOAc. washed with brine (3x) 
and dried over sodium sulfete, filtered, and concentrated under reduced pi««ure. Hie residue 
was purified by reversed phase HPLC to provide 9.61 mgof compound 9: 'HNMR(Cbci3) 
5 7.8(2H. d. J=8.9 Hzl 7.4 (2H. m). 7.3-6.8 (8H. m), 5.75 (IH. m). 5.3-1.5 (4H. m), 4.3- 
3.4.1 (4H, m). 3.9 (3H. m). 3.3-2.59 (IIH. m), 2.25 (2H, m), 1.85-1.5 (5H, m). 1.4-1 1(10H 
m), 0.95(9H, m). 



Examplft 1 n 

Compound 10: To a solution of compound 3 (50.0 mg. 0.0650 mmol) in dry 
dimethylformamide (1 mL) was added 4-OctylphenoI (26.6 mg. 0. 130 mmol), Benzotriazol- 
l-yloxytripynoiidinophosphonimn hexafluorophosphate (67.1 mg. 0.130 mmol), followed by 
addition of Diisopropylethylamine (45.0 ^L. 0260 mmol). The mixture was stirred for 14 
hours, the resulting residue was diluted in EtOAc, washed with brine (3x) and dried over 
sodimnsulfete. filtered, and concentrated under reduced pressure. The residue was purified 
byreversedphaseHPLCtoprovide7.70mgofcompomMilO: 'H NMR (CDClj) 6 7.75 (2H, 
d. J=8.9 Hz), 73 (2H, m). 72-6.8 (8H. m), 5.70 (IH, m), 5.3-4.9 (4H. m). 4.6- 3.9 (4H. m), ' 
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3.89 (3H. m), 3.85-2.59 (12H, m), 2.18-1.75 (lOH, m), 1.69-1.50 (8H, m), 1 .4-1 .27(6H^), 
0.95(9H, m). 

Example 1 1 

CompouDd 11: To a solution of compound 3 (100 mg, 0.120 nunol) in dry 
dimethylfonnainide (1 mL) was added Isopropanol (20.0 fiL, 0240 mmoi), Benzottiazol-l- 
yloxytripyiToUdinophosphonium hexafluorophosphate (135 mg, 0.240 mmoi), followed by 
addition of Diisopropylethylamine (83.0 pL, 0.480 mmoi). The mixture was stiired for 14 
hours, the resulting residue was diluted in EtOAc, washed witii brine (3x) and dried over 
sodium sulfete, filtered, and concentrated under reduced pressure. The residue was purified 
by silica gel chromatography (CH2Cl2/IsopropanoI= 100/4) to provide 12.2 mg of compound 
11: 'HNMR (CDCI3) 5 7.71 (2H, d. J=8.9 Hz). 7.15 (2H, m), 7.0 (2H. m), 6.89 (2H, m). 
5.65 (IH, m), 5.03-4.86(4H. m), 434-4.19 (3H, m), 3.89 (3H, s). 3.88 (IH, m), 3.82 (2H, m), 
3.65 (4H, m), 3.2-2.9 (1 IH, m), 2.80(3H, m) 1.65(2H, m), 1.86 (IH, m), 1 .6(3H, m), 
1.30(3H,m),0.92(6H,m). 

Example 12 

Compound 12: To a solution of compound 3 (1 00 mg, 0. 120 mmoi) in dry 
dimethylfonnamide (ImL) was added 4-Hyrdro;qr-l-methylpiperidine (30.0 mg, 0.240 
mmoi), Benzotriazol-l-yloxytripyrrolidinophosphonium hexafluoroiAosphate (135 mg, 0240 
mmoi), followed by addition of DiisopropylethyiMnine (83.0 jiL, 0.480 mmoi). The mixture 
was stirred for 14 hours, the resultii^ residue was diluted in EtOAc, washed with brine (3x) 
and dried over sodium sulfate, filtered, and concentrated under reduced pressure. The residue 
was purified by reversed phase HPLC to provide 50.1 mg of compound 12: 'H NMR 
(CDCI3) 8 7.73 (2H, d, J=8.9 Hz), 7. 1 8 (2H, m), 7.0 (2H, m), 6.9 (2H, m), 5.67 (IH, m), 52- 
4.9 (4H. m), 4.30-4.1 1 (4H, m), 3.98 (IH, m), 3.89 (3H, s). 3,87 (IH, m), 3.75 (2H, m), 3.5- 
3.3 (4H, m). 3.2-2.9 (14H, m), 2.80(3H, m) 1 .65(2H, m), 1.86 (IH, m), 1 .6(3H, m), 
130(3H,m),0.92(6H,m). 
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Scheme 2 



I. H2/10%Pd-C/EtOAc 



Scheme 3 








H 9" . 



14 /V 

o 

I. a:TFA/CH2Cl2/0°C; b.HCHO/HOAc/NaBHaCN/EtOAcyQOC 



OEt 




Example 13 

Compound 13: To a solution of compound 4 (4.9 g) ) in EtOAc (150ml) was added 20% Pd/C 
(0.90 g),the reaction mixtoe was hydrogenated for 1 hour. CeUte was added and the mixture 
was stirred fot 10 minutes. The mixture was filtered through a pad of ceKte and washed with 
ethanol. Concentration gave 4.1 g of compound 13 : 'H NMR (CDCI3) 5 7.91 (2H,d, J=8.9 Hz) 
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7.75 (2H. ml 7.73-7J (8H. m). 725 (2H. m), 72U6.7m, m), 5.4-4.8(6H, m), 4.78-421 (4H. 
m). 3.98 (3H,s). 2.1-1.75 (8H, m), 1 .55 (3H, m), 1.28(3H, m), 0.99(6H, m). 

Example 14 

Compound 14: To a soIuHon of compound 5 (0.770 g, 0.790 mmol) in dichloromethane (10 
inL). under ice-cooling, vras added triflouroacetic acid (5 mL). the resulting mixture was 
stilted at 25T for two hours. The reaction mixture was concentrated under reduced pressure 
and the residue was co-evaporated with EtOAc to provide an yeUow oil. To a solution of the 
above oil in (10 mL) of EtOAc. under ice-cooling and stirring was added fonnaldehyde (210 
yL, 2.86 mmol). acetic acid (252 ^L, 4.30 mmol). foUowed by sodium cyanoborohydride 
(178 mg, 2.86 mmol). The mixture was fiir&er stirred at 25»C for 2 hours. Tbe above 
mixture was concentrated and dUuted with EtOAc and washed with H2O (3X), biine. dried 
oversodiumsul6te,filtered,andcancentratedunderreducedpressure. Tlie residue was 
purified using leversed-phaseHPLC to provide 420 mg of compound 14: 'HNMR(CDCl3) 
5 7.8(2H, d, J=8.9Hz). 7.4 (2H. m). 7.3-6.8 (8H, m). 5.75 (IH. m). 5.3-5.1(2H. m), 4.6-423 
(4Iim). 3.98 (3H, s), 3.7-2.6 (15H, m), 22-1.8 (8H, m), 1.72 (3H. s). 1.58(3H. m), 125 (3H 
mX 0.95 (6H. m). 

Compound 15: To a solution of compomid 6 (lOOmg. 0.114 mmol) in EtOAc (1 mL) was 
added l-Methyl-piperazine (632 mg. 0.570 mmol), acetic acid (34.0 nl, 0.570 mmol) followed 
by Sodium Cyanoborohydride (14.3 mg. 0228mmol). The mixture was stirred at 25-C for 14 

hours. ThereactionmixtmewasconcentratedanddilutedwithEtOAcandwashedwithHaO 
(5X), brine (2x), dried over sodium sulfate, filtered, and concentrated under reduced pressure. 
The residue was purified using silica gel chromatograpby (CH2Cl2/Isopropanol= 100/6.5) to 
give 522 mg of compomid 15: NMR (CDCI3) S 7.73 (2H. d, J=8.9 Hz), 7.4-7.18(8H, m) 
7.1-6.89 (2H. m), 5.67 (IH. m). 5.2-4.9 (4H. m), 4.304.1 1 (4H, m), 3.98 (IH, m). 3.89 (3H 1) 
3.87 (IH, m), 3.75 (2H, m). 3.5-33 (4H, m), 32-2.9 (lOH. m). 2.80-2.25 (8H,m) 1.65(2H, m), ' 
1.86 (IH, m), 1.6(3H, m), 1 J0(3H.m), 0.92(6H, m). 
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Eyamplfi 1 ii 

Compound 16: To a solution of compound 3 (lOOmg. 0.120 mmol) in Pyridine (600 pL) vm 
added Kperidin- 1 -ol (48.5 mg, 0.480 imnol), followed by N^-Dicyclohexylcarbodiimide 
(99.0 mg. 0.480 mmol). The mixture was stirred for 6 houre. the solvent was concentrated 
under reduced pressure. Hie resulting residue was purified by silica gel duamatography 
(CH2Cl2/Methanol= 100/5) to provide 17 mg of compound 16: *H NMR (CDCI3) S 7.73 (2H, 
d, J=8.9 Hz). 7.16 (2H. m). 7.0 (2H, m). 6.9 (2H, m), 5.68 (IH. m), 5.17 (IH. m), 5.04 (IH, ' 
m), 4.5-4.2 (4H. m), 3.90 (3H. s). 3.75 (2H. m), 3.5-3.3 (4H, m). 3.2-2.9 (lOH, m). 2.80(3H. 
m) 1.65(2H, m), 1.86 (IH, m), 1.6(3H, m), 1.5-1.27 (9H.m), 0.92(6H, m). 
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RYatnple 1 7 

Compound 18: To a solution of compound 17 (148 n^ 0^40 mmol) in4 mL of Methanol 
was added (l,2,3»4-Tetrahydro-isoqumolin-6-ylmethyl)-phosphonic acid diethyl ester (70.0 
mg, 0.240 mmol), acetic add (43.0 |iL, 0.720 mmol). The reaction mixture was stirred for 3 
minutes, followed by addition of Sodium Cyanoborohydride (75.3 mg, 1.20 mmol). The 
reaction mixture was stirred at 25°C for 14 hours. The reaction mixture was diluted with 
EtOAc and washed with H2O (3X), brine, dried over sodium sulfate, filtered, and 
concentrated under reduced pressure. The residue was purified using silica gel 
chromatography (CH2Cl2/Isopropanol= 100/5) to give 59 mg of TES protected uitennediate. 
83 fiL of 48% HF solution was added to acetonitrile (4 mL) to prepare the 2% HF solution. 
The above 2% HF solution was added to TES protected intermediate (47 mg, 0.053 mmol) 
and the reaction mixture was stirred for 2 hours. The solvent was concentrated and the 
residue was diluted with EtOAc, dried over sodium sulfate, filtered, and concentrated under 
reduced pressure. The residue was purified using siUca gel chromatography 
(CH2Cl2/Methanol= 100/10) to give 35.2 mg of compound 18: NMR (CDCI3) S 7.73 (2H, 
d, J=8.9 Hz), 7.05 (2H, m), 6.89 (2H, m), 6.76 (IH, m), 5.75 (IH, m), 5.67 (IH, m), 5.3 (2H, 
m), 4.2-3.6 (12 H, m), 3.4-2.4 (11 H,m),2.M.8(6H,m), 1.4-1.28 ( 8 H,m), 0.92(6H,m). 
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II. H2/10%Pd-CiEtOAc-EtOH; 

III. RNH2/Aldrithiol-2/PPh3/iPr2NEt/pyridine 



Compound 19 is prepared following the procedure for compound 2 by using monoacid 1. 
Compound 20 is made following a hydrogenation of compound 19. Mono acid 20 reacts with 
CQiresponding amino esters in the presence of Aldrifliiol-2 and triphenylphosphine to form 
compound 21. 
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Monoacid 22 is treated with thionyl cUoride at 60X to to monochloridate, which reacts 
vatfa conesponding alkyi (s)lactate to generate monolactate 23. Monolactate 23 is 
hydrogenated with IQo/aPd-C in the presence of acetic add to foan anune 24. Aldehyde 25 
reacts with amine 24 in the pre^ of MgS04 to form the mtennediate inune. which is 
reduced with sodium cyanoborohydride to afford compound 26. 
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Reagents and conditions: I. CbzCI. NaOH. tol/HsO, 100%; ii. a. SOCI, DMF tol 6S»C- 
b. PhOH. Et3N. CHaCla. 71o/o; fii. aq. NaOH. CH3CN. 79%; W. a. SOCfe dSf' J 65-5 

• ^"2Cl2. (5) 85o^: 2-hydroxy butyric acid ethyl ester. EtaN. CH^Cfe' 
(6) 75%; V. H2. AcOH, 10% Pd/C. EtOH. 94%; vi. a. 7 + 8. 1,2-DCE. MgSO^ 
b. NaBHaCN, AcOH, 50%; vii. pig liver esterase, 20% DIWSO/PBS. 40°C, 25%. 
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Example 1 

Compound 2: A 3L. S-neck flask was equipped with a mechanical stirrer and addition fimnd 
and charged with 2.aminoethyi phosphonic acid (dO.Og. 480 mmol). 2N Sodimn hydroxide 
(480 mL, 960 mmol) was added and flask cooled to 0»C. Benzyl chlorofonnate (102.4 g. 600 
mmol) in toluene (16QmL) was added dropwise with vigorous stirring. The reaction mixture 
was stirred at 0»C for 30 minutes, then at room temperature for 4 h. 2N sodhm hydroxide 
(240 mL, 480 mmol) was added, followed by ben2yl chloroformate (20.5 g. 120 mmol) and 
the reaction mixture was vigorously stirred for 12 h. The reaction mixture was washed with 
diethyl etha: (3x). The aqueous layer was acidified to pH 2 with concentrated HCl to give a 
white precipitate. Ethyl acetate was added to the mixture and concentrated HCl (80 mL, 960 
mmol) was added. The aqueous layer was extracted with ethyl acetate and combined organic 
layer was dried (MgS04) and concentrated to give a waxy, white solid (124 g. 479 mmol, 
100%). 'H NMR (300 MHz, CD,OD): 6 7.45-7.30 (m. 5 H, Ar), 5.06 (d, J= 14.7 Hz, 2 H. 

CifePh), 3.44-3.31 (m. 2 H,NC//2CH2), 2.03-1.91 (m.2H,CH2CF2P);''PNMR(121MH2, 
CDjOD);526.3. 



Example 2 

Compomid 3: To a mixture of compound 2 (50.0 g, 193 mmol) in toluene (1.0 L) was added 
DMF (1.0 mL) fbUowed by thionyl chloride (56 mL. 768 mmol). The reaction mixture was 
heated at 65^ for 3-4 h mute a stream of argon. TTie reaction mixture was cooled to room 
temperature and concentrated. Residual sokent was removed undisr high vacuum for 1 h. 
The residue was dissolved m CH2CI2 (1.0 L) and cooled to 0°C. Triethylamine (161 mL, 
1 158 mmol) was added, followed by phenol (54.5 g. 579 mmol). The reaction mixture was 
warmed to room temperature overnight, then washed with l.ON HCl, saturated NaHCOj 
solution, brine and dried (MgS04). Concentrated and purified (siKca gel, 1 :1 EtOAc/Hex) to 
give a pale yellow solid (56 g, 136 mmol, 71%). 'h NMR (300 MHz, CDCI3): 5 7.40-7.10 
(m. 15 H. Ar). 5.53 (br s, 1 H, N^O, 5.1 1 (br s, 2 H, C^Ph), 3.72-3.60 (m. 2 H, NCZTzCHz), 
2.49-230 (m, 2 H, CHzC/iiP); ^^P NMR (121 MHz, CDCI3): 8 22.9. 



Examples 
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Compoond 4: To a soMon of compound 3 (64 g, 155.6 mmoJ) in acetomtrile (500 mL) at 
CC was added 2.0M sodium hydroxide. The reaction mixture was stirred at CC for 30 min, 
then at room temperature for 2.5 h. The reaction mixture was concentrated to 100 mL and 
diluted with H2O (500 mL). The aqueous solution was washed with EtOAc (3 x 300 mL). 
Tie aqueous layer was acidified to pH 1 with concentrated HCI, producing a white 
precipitated. The mixture was extracted with EtOAc (4 x 300 mL) and combined orgamc 
layerwas washed with brine and dried (MgS04). Concentration gave a solid, which was 
recrystalli2edfi:omhotEtOAc(450mL)togiveawhitesoIid(41.04g, 122mmol. 79%) 'h 
NMR (300 MHz, CD3OD): 6 7.45-7.10 (m. 10 H, Ar). 5.09 (s, 2.H, CHm, 3.53-3.30 (m. 2 
H. NC/TzCHi). 225-2.10 (m, 2 H, CH^C/feP); NMR (121 MHz. CD3OD): 5 24.5. 

Example 4 

Compound 5: To amixture of compound 4 (28 g. 83 mmol) in toluene (500 mL) was added 
DMF (1.0 mL), foUowed by thionyl chloride (36.4 mL. 499 mmol). lie mixture was heated 
at 65X for 2 h providing a pale yellow solution. The reaction mixture was concentrated and 
dried for 45 min under high vacuum. Tire residue was dissolved m anhydrous CH2CI2 (350 
mL) and cooled to 0«C. Triethylamine (45 J mL. 332 mmol) was added slowly, followed by 
the dropwise addition ofelhyl lactate (18.8 mL. 166 mmol). ITie reaction mixture was stirred 
at O-C for 30 mm, then wanned to room temperature overnight. The reaction mixture was 
dauted with CH2CI2 and washed with 1 N HCI. saturated NaHCO, solution, brine and dried 
(MgS04). Concentration and purifkartion (silica gel, 1:5 to 1 :0 EtOAcmex) gave a pale 
yellow oil (30.7 g, 71 mmol, 85%) as a mixture of diasteieomers which were separated by 
HPLC (Dynamax reverse phase C-18 column. 60% acetonitrile^jO). More polar 
diastereomer: 'H NMR (300 MHz. CDCI3): 5 7.40-7.10 (m. 10 H. Ar), 5.65 (s. 1 H. Nfl). 
5.12 (s, 2 H, C/f2Ph), 5.10-5.00 (m, 1 H, OCHC) 4.17 (q. ^= 6.9 Hz, 2 H, OCif2CH3), 3.62 
(dt. y, = 20.4 Hz, J2 = 6.0 Hz. 2 H, NCJy2CH2). 2.25 (dt, J, = 1 8.0 Hz. - 6.0 Hz. 2 H. 
CH2CfliP), I.60(dd. J,=J2=6.9Hz.3H,CHC^,), 1.23(t.J=6.9H2,3H,OCH2Ciy3);''P 
NMR (121 MHz. CDCI3): 6 262. Less polar diastereomer »H NMR (300 MHz, CDCI3): 8 
7.40-7.10 (m, 10 H. Ar), 5.87 (s, 1 H. Nfl), 5.13 (s. 2 H, C^r2Ph). 5.10-5.00 (dq[y, = 7, = 6 9 
Hz, 1 H, OCHC) 4.22 (q. 7= 7.2 Hz. 2 H. OC^aCH,), 3.68 (dt, = 21 .6 Hz, ^2 = 6.9 Hz. 2 
H. NC/feCH2). 2.40-220 (m, 2 H, CHzC/feP). 1.49 (dd, J, = 70.2 Hz, J2 = 6.9 Hz. 3 H. 
CHCZfj). 128 (t, y = 6i> Hz, 3 H. OCHzCffe); ''P NMR (121 MHz, CDCI3): 5 28.3. 
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Example S 

Compouiid 6: 2.Hydioxy.butyric acid ethyl erfer was prepared as foUows: To a solution of 
L-2-aminobutyric acid (1 OOg. 970 mmol) in 1 .0 N H2SO4 (2 L) at OX was added NaNO^ (1 1 1 
g, 1610 mmol) in H2O (400 mL) over 2 h. The reaction mixture was stirred at room 
temperature for 1 8h. Reaction mixture was extracted with EtOAc (4x) and combined organic 
layer was dried (MgS04) and concentrated to give a yellow solid (41 .5 g). This solid was 
dissolved in absolute ethanol (500 mL) and concentated HCl (3^7 mL, 39.9 nnnol) was 
added. Reaction mixture was heated to 80»C. After 24 h, concentrated HCl (3 mL) was 

added and reaction continued for 24 k Reaction mixture was concentrated and product was 
distilled to give a coloriess oil (3 1 g, 235 mmol, 59%). 

To a mixtiire of compound 4 (022 g. 0.63 mmol) in anhydrous acetonitrile (3.0 mL) was 
added thiooyl chloride (0.184 mL, 2.52 mmol). The mixture was heated at eS^C for 1.5 h 
providing a pale yellow solution. The reaction mixture was concentrated and dried for 45 
minunderhighvacuum. The residue was dissolved in anhydrous CH^Ch (3.3 mL) and 
cooIedtoOoC. Triethylamine(0.26mL. 1.89 mmol) was added slowly. foUowed by the 
dropwise addition of2-hydroxy-butyric add ethyl ester (0.167 mL, U6mmol). ITiereaction 

nrixtiire was stirred at 0»C for 5 mm. then warmed to room temperature overnight Hie 
reaction mixture was concentrated, dissolved in EtOAc and washed with 1 .0 N HCl, satm^ed 
NaHCOj solution, brine and dried (MgSO^ Concentration and purification (silica gel. 3 2 
EtOAcaex)gaveapale yellow oil(021 g. 0.47 mmol, 75%). For major diastereomer 'H 
NMR (300 MHz, CDCI3 ): 5 735-7.10 (m. 10 H, Ar). 5.91 (s. 1 H. N/0). 5.12 (s. 2 H ' 
C^^Ph). 4.94-J.83 (m. I H. OCflC). 427-4.12 (m. 2 H. OC/feCHaX 3.80-3.50 (m, 2 H 
NOfeCH^), 2.39-2.19 (m. 2 H. CH^C^^P). 1.82-1.71 (m. 2 H. CHC^^CHa). 1.30.1.195 (m. 3 
H. OCH2C^3), 0.81 (t, y= 7.5 Hz, 3 H, CHCH^C^a); ^'P NMR (120 MHz. CDCl,): S 28.3. 
For minor diastereomer. 'H NMR (300 MHz. CDCl,): 8 7.35-7.10 (m, 10 H, Ar), 5.74 (s 1 H 
m), 5.1 1 (s, 2 H. C^^Ph). 4.98-4.94 (m, 1 H. OCflC). 427-4.12 (m. 2 H, OC^.CHa) 3 80- 
3.50 (m, 2 H. NCftCH^ 2.39-2.19 (m. 2 H, CH^OfeP). 1.98-1.82 (m. 2 H, CHC^^CHs) 



CDCI3): 5 262. 



Example 6 



MHz, 
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Con>po™i7: Amixtar=ofc<»p<»,M6.(0J3g,l.I8^I)ac.ticad<l(0.I35mL 236 
mmoO a«d J0% palwi. „„ („ qj 

sto=d™de,ah,drog««.,„,pte.(l «,„)fcr3h. Reaodon mixtu,. ™, iiw ta>»gh 
Cto, oono«toled. «Kl «sul^ ««i « ife^cal «actio„ conditioDs. Ate 2 h, Celite 

oa (0.42 g. 1.11 94%). 'H NMR (300 MHz. CDCl,): 6 7.40-7.1 0(m. 5 H Ar) 50(^ 
4.80 (., , H. OCIfC 42^,0 (^ 2 H. OC/fcCH* 3.32-3.14 („. 2 H. NCff^.': 45- 

H. OOfcCff,). 1.00 7.5 , CHOtCftX 0.80 (U= 7.5 2H, CHOi^^ 
PNMR(121 MHz.axa,): 827.«(,naj„. 1.85), 26.0 (™taor,1.01). 

Example 7 

C»mpo»d9: A«>hA»afddehyde8(0.596g. 1.01 m».ol),^coo,po™i7(042. 1 11 
»mol) ™„ to U.<ScU<™«I,a« (4.0 ,01) to tt« of MgSO. 3 h. 

add (0.231 4.04 r^I, ^ ^ cyanoboxoiydnd. (0.127 & 2.02 ™nol) ^ 
added.«i«ac«o.™^™«i^f„5„^^^^^ 

ferSanL Brtoa ».s «id«i and ea«aed vrth aOAc (2x). (SM.bta«l ,»ga„ic 
<ln«i (MgSO.) concenttaW a,rf purified (afliea gel. BOAe. , 0% EOH»0Ae) to 
• ootoHess W AcetomMe(4ML)a:Kl«£l™™c.«c«>id(0.06M,)™,e«lteia^ 
co-^Wed to a vol»e of 1 „1. H.0 (10 mL) «Med a«i ly„pl*ed to give fte WA 

salt «, a powder (0.5 1 g. 0.508 BMOl, 50%). -H NMR (300 MHz. CD,CN)- 6 7 79 fd. 

^=8.4Hz.2H.(SOACfl)a7.43-7:!0(m.9H,AxX7.10(d..;=84Ife2H ' 
(C/O.CWCHA 5.85 (d. 8.4 1 H. N/ft 5.55 (4 4.5 1 a OOTOX^.OO^ 75 
K 2 H. CSfcCMXXO). POC«C), 439-4.05 (m, 2 H, PhCff,N. OC«CH,i 3.89 (s 3 H 
OCfl-aX 3.88-330 (^ 9HX 3.15-2.84 (,.. 5 H). Z65-2.42 („. 3 H).2.1«-,.6. („. 5 H) 

U 5 (M, 5 H). 1.05-0.79 (a. 9 H); "P httot (121 MHz. CD,CN): 6 24.8 (.n^, ,.85).' 23 . 
(minor, 1.01). ^ ' 



Example S 

Con^ .0: Compo^i , (0.041 g, 0.041 ^ di^lved to DMSO (1.9 toL) ^ to 
Urn sol««n »„ «lded pho^ ""feed «ltoe. pH 7.4 (10 mL, and oi. live, 
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(Sigma, 0.2 mL). Reaction mixture was stined for 24 h at 40°C. After 24 h, additional 
esterase(0.2mL)wasaddedandieactiaaM«scontinuedfor24h. Reaction mixture was 
concentrated, resuspended in nietbanol and filtered. Filtrate y,as concenti^ed and purified by 
reverse phase chromatography to give a white powder after lyophilization (8 mg, 0 010 
mmol, 25%). 'h NMR (500 MHz. CD3OD): 5 7.78 (d. 7= 8.9 Hz, 2 H. (SOaC(C^) 7 43- 
735 (m. 4 H, Ar), 7.11 (d, /= 8.9 Hz, 2 H, (C/O2COCH3), 5.62 (d, J = 5.2 Hz. 1 H OCHO) 

4.96^.77 (m,2H,CH,CH)C(0).P0C/^C), 4.21 (hrs,2H,Ph(:«,>0.3.97-3.^^ 6H) ' 
3.90 (s, 3 H. 0C^3). 3.50-3.30 (m, 3 H). 3,2«.02 (m. 2 H). 2.94-2.58 (m. 4 H) 2 09-1 78* 
(m, 5 H). 1 .63-1 .52 (m. 2 H), 1.05-0.97 (m. 3 H); 0.94 (d. J= 6.7 Hz, 3 H). 0.88'(d, J= 6 7 
Hz, 3 H); ^'P NMR (121 MHz. CD3OD): 8 20.8 



Scheme 2 
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Reagents and conditions: i. ethylene glycol,Mg(OtBu)2, DMF, 48%; ii. a. TfzO, 2,6-lutidine, 
CH2CI2, -78'C; b. 13, CSCO3, CH3CN, CCto room temperature, 65%; ili. H2, Pd/C EtOH* 107%- 
iv. DCC. PhOH, pyr. 70'C, 31%; v. a. NaOH. CH3CN, 0»C; b. DCC, ethyl lactate, pyr, 70*C 52%- * 
vi. CH3CN, DMSO, PBS, porcine liver esterase, sa'C. 69%. 



Example 9 

C(Mnpound 12: To a solution of compound 11 (4.10 g, 9.66 mmol) and anhydrous ethylene 
glycol (5.39 mL, 96.6 nunol) in anhydrous DMF (30 mL) at CC was added powdered 
magnesium rert-butoxide (2.05 g, 12.02 mmol). The reaction mixture was stirred at 0»C for 
1.5 h. then concentrated. The residue was partitioned between EtOAc and H2O and washed 
with 1 N HCl, saturated NaHCOs solution, and brine. Organic layer dried (MgS04), 
concentrated and purified (silica gel, 4% MeOH/CHaCfc) to give a colorless oO (1.55 g, 
48%). 'H NMR (300 MHz, CDCI3): 8 7.37 (s, 10 H. Ar). 5.40-5.05 (m. 4 H, C^aPh), 3.84 (d. 
J= 8.1 Hz, 2 H, PCff20X 3.70-3.60 (m, 4 H, OC^jCHzO, OCHzC^zO); ^'P NMR (121 
MHz, CDCI3): 5 22.7. 

Example 10 

Compound 14: To a solution of compound 12 (0.75 g. 2.23 mmol) and 2,6-lutidine (0.78 mL, 
6.69 mmol) in CH2CI2 (20 mL) at -78°C was added ttifluoromethanesulfonic anhydride (0,45 
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mL, 2.68 mmol). The reaction mixture was stined at -78°C for 40 min, then dUuted with 
CHaCfc aod washed with 1 N HCI, saturated NaHCOj and dried (MgSO^ Concentration 
gave a yeUow oU that was dissolved in anhydrous acetonitrile (20 mL). Phenol 13 (1.00 g. 
1.73 mmol) was added to the solution, which was cooled to 0»C. Cesinm carbonate (0.619 g, 
1.90 mmol) was added and reaction mixture was stirred at O^C for 2 h, then at room 
temperature for 1.5 h. Additional cesium carbonate (0.200 g. 0.61 mmol) was added and 
reaction was continued for 1 .5 h. then filtered. Concentration of the filtrate and purification 
(silica gel. 3% MeOH/CH^CU) gave a yellow gum (1 .005 g. 65%). 'h NMR (300 MHz. 
CDCI3): 6 7.71 (d, J= 8.7 Hz. 2 H. SO^CHk), 7.34 (s. 10 H, PhC^^O). 7. 1 1 (d. 7 = 8 '1H2, 
2 H. CH2C(C^(CH)2). 6.98 (d, 7= 8.7 Hz. 2 H. (CfZ>^C0CH3). 6.78 (d. y = 8.7.Hz. 2 H. 
(Ci(hC0CH2). 5.62 (d, J= 5.4 Hz, 1 H. OCHO), 5.16-J.97 (m. 6H), 4.05-3.65 (m. 12 H) 
3.86 (s. 3 H, OCmi 3.19-2.66 (m. 7 H), 1.95-1.46 (m, 3 H), 0.92 (d. J= 6.6 Hz. 3 H, 
CXKCHih), 0.88 (d,y = 6.6 Hz, 3 H. CniCHih); ^'p NMR (121 MHz, CDCI3): 5 21.9. 

Example 1 1 

ComponndlS: A mixture ofcompound 14 (0.41 Og, 0.457 mmol) and 10% palladium on 
carbon (0.066 g) in ethanol (5.0 mL) was stined under a hydrogen atmosphere (1 atm) for 16 

h. CeKte was added and the mixture was stined for 5 min. then filtered through Celite and 
concentrated to give a foam (O.350 g, 107%). ^HNMR (300 MHz. CD3OD): 5 7.76 (d. J= 
8.7 Hz, 2 H, SO^qC^), 7.15 (d, 7= 8.4Hz. 2 H. GH.C(C^,(CH)2). 7.08 (d.y = 8.4 Hz 2 

H, (C^C0CH3), 6.82 (d, 7 = 8.4 H^ 2 H, (CiO^COCH^), 5.59 (d, J= 5.4 Hz, 1 H. OC^) 

5.16^.97 (maskedbyCDjOH, lH).4.O9-4.02(m,2H).3.99-3.82(m.l0H).3.88(s.3H ' 
OC/6). 3.52-3.32 (m. 1 H), 3.21-2.75 (m, 5 H). 2.55-2.40 (m, 1 H), 2.10-1.95 (m, 1 4 1 75- 

I . 25 (m, 2 H), 0.93 (d, y = 6.3 Hz, 3 H, Cn{CHi)i), 0.88 (d, 7= 6.6 Hz, 3 H, CRiCHi^)- ^^P 
NMR (121 MHz, CD3OD): 5 19.5. 

Example 12 

Compound 16: Compound 15 (0.350 g. 0.488 mmol) was coevapoiated with anhydrous 
pyridine (3x10 mL). each time fillmg with N^. Residue was dissolved m anhydrous pyridine 
(2.5 mL) andphenol (0.459 g, 4.88 mmol) was added. This solution was heated to 70»C, 
then 1.3-dicyclohexyicarbodiunide (0.403 g. 1.93 mmol) was added and reaction mixturi was 
heated at 70«'C for 7 L Reaction mixture was concentrated, coevapoiated with toluene and 
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residue obtained was diluted with RtOAf nr^r-j^vito*,' i a j-_ i • 

uiiuicu wim uiuAc, precipitatuig 1,3-dicyclohexylurea. The mixture 

was filtered and filtrate concentrated and residue obtained was purified (silica gel, 2% 
MeOH/CH2Cl2. then another cotamn 75% EtOAc/Hex) to give a clear oil (0.1324 g. 31%) 

'HNMR (300MHz. CDCl3):57.71(d.y=8.7Hz,2H.SOaC(C^).7.41-7.18(n».10H 
Ar). 7.14 (d, y= 8.4Hz. 2 H. CH^CiCmCHhl 6J99 (d. J= 9.0 Hz, 2 H, (C^COCHa) 
6.83 (d, J= 8.4 Hz, 2 H. (CiO.COCHa), 5.64 (d, 5.1 Hz, 1 H. OC^), 5.16^.92 (m 2 
HX 4.32-3.62 (m, 12 H), 3.87 (s, 3 H,0C^3), 3.22-2.73 (m. 7 H). 1.95-1.75 (m. 3 H) 0 93(d 
J- 6.6 Hz, 3 H. CH(Ci/3)2). 0.88 (d. 7= 6.6 Hz, 3 H. CHiCH,)^)', ^^P NMR (121 MHz 
CDCI3): 6 14.3. 

Example 13 

Compound 17: To a solution of compound 16 (0.132 g. 0.152 nunol) in acetonitrile (1 5 mL) 
at 0»C was add^ 1 .0 M NaOH (0.38 mL. 0.381 mmol). Reaction mixture stirred for 2 h 
at 0=C, then Dowex 50 (H+)iesin was added until pH=l. TTie resin was removed by 
filtration and the filtrate was concentrated and washed with EtOAc^iex (1 :2, 25 mL). then 
dried under high vacmmi to give a clear film (0.103 g, 85%). Hiis film was coevaporated ' 
v«th anhydrous pyridine (3 X 5 mLXfilhng with Na. H« residue was dissolved in anhydrous 
pyndined mL) and ethyl lactate (0.15 mL, 1 30 mmol) ^ added and reaction mixture ^ 
heated at 70'C. After 5 min. U-dicyclohexylcarbodiimide (0.107 g. 0.520 mmol) was added 
and reactionmixture was stinedat70<'Cfor 2.5k Additional 1.3-dicyclohexylcarbodiimide 
(0.055 g. 0270 mmol) was added and reaction continued for another 1 .5 h. Reaction mixture 

was concentrated and coevaporated with toluene and diluted with EtOAc,pi«:ipit^ U- 
dicyclohexylurea. The mixture was filtered and filtrate concentrated and residue obtained 
was purified (silica gel. 80 to 100% EtOAc^ex) to give a white foam (0.0607 g 52%) »H 
NMR (300 MHz. CDCI,): 6 7.71 (d. J= 8.7 Hz. 2 H. SO^qC^. 739-7.16 (m.' 5 H. Ar) 
7.13 (d, J= 8.1Hz. 2 H. macm^iCm. 6.99 (d. J= 9.0 Hz. 2 H. (C^COCH,). 6.82 (d, 
J- 8.4Hz. 2 H. (C/O2COCH2), 5.64 (d.y= 5.1 Hz. 1 H. OC/fO). 5.i6-t.92 (m. 3 H) 4 35- 
3.65 (m, 14 H). 3.87 (s. 3 H. OCH,), 3.22-2.73 (m. 7 H). 1.95-1.80 (m. 3 H) 1 59 (d 7= 
6.9Hz, 1.5 H. CCHCif3). 1.47 (d. J= 7.2 Hz. 1.5 H. CCHC^,). 1.37-1.18 (m. 3 H). 0.92 (d J 
= 6.6 Hz. 3 H, CH(C^3)2), 0.88 (d, 6.6 Hz. 3 H. CH(CH,h)', ^'P NMR (121 MHz, 
CDClj): 5 19.2, 17.2. 
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Example 14 

Compound 1 8: Compound 17 (1 1.5 mg, 0.013 mmol) was dissolved in DMSO (0.14 mL) 
and acetomtrile (029 mL). PBS (pH 7.4. 1.43 mL) was added slowly with stirring. Porcine 
Hver esterase (Sigma, 0.1 mL) was added and reaction mixture was gently stined at 38°C. 
After 24 h, additional pordne liver esterase (0. 1 mL) and DMSO (0. 14 mL) were added and 
reaction mixture stined for 48 h at 38»C. Reaction mixture concentrated and methanol was 
added to precipitate the enzyme. TTie mixture was filtered, concentrated and purified by 
reverse phase chromatography to give a white powder after lyophilization (7.1 mg, 69%). 
NMR (300 MHz. CD3OD): 5 7.76 (d, J= 8.7 Hz. 2 H, S<hC(Cm, 7.15 (d, J= 8.4 Hz. 2 H. 
CH2C(C^(CH)2), 7.08 (d, J= 9.0 Hz, 2 H, (CflhCOCHa). 6.83 (d, J = 8.7 Hz, 2 H, ' 
(C/O2COCH2), 5.59 (d,y= 5.1 Hz, 1 H, OCfTO). 5.16-4.90 (masked by CD3OH. 2 H). 4.19- 
3.65 (m. 12 H). 3.88 (s. 3 H. OCH^), 3.50-3.27 (m. 1 H). 3.20-2.78 (m. 5 H). 2.55-2.40 (m, 1 
H), 2.05-1 .90 (m. 1 H). 1 .75-1.30 (m, 2 H), 1.53 (d, J= 6.6 Hz. 3 H, CCUCH,), 0.93 (d. J= 
6.6 Hz. 3 H, CHimh), 0.88 (d, J= 6.6 Hz. 3 H. CE(CH^)^); ^'P NMR (121 MHz. CDaOD)- 
616.7. 



Alternatively, compound 17 was prepared as described below (Scheme 3). 



Scheme 3 



Os^C02El 
19 £ 



u" n!,o '• ethyl lactate. PyBOP. DIPEA DMF S9%- 

II. a. H2. Pd/C. EtOH; b. PhOH. PyBOP, DIPEA, DMF, 3596. ' ' ^' 
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Example 1 5 

Compound 19: To a solution of compound 14 (0.945 g. 1.05 mmol) in anhydrous toluene 
(10.0mL) was added i.4^a2ohicyclot222] octane (0.130 g, 1.16 mmol) and reaction 
nuxtutewasrefluxedfor2h. AAer cooling to room temperature, reaction mixture was 
. diluted with EtOAc and washed with 1.0 N HCl and dried (MgSO^). Concentration gave a 
^te foam (0.785 g. 93%). Residue was dissolved in anhydrous DMF (10.0 mL) and to this 
solution was added ethyl (S)-lactate (0.23 mL, 2.00 mmol) and diisopropylethylamine (0.70 
mL. 4.00 mmol), followed by benzotriazol-l -yloxytripyrroldinophosphonium 
hexafluoiophosphate (1 .041 g. 2.00 mmol). Reaction mixture was stirred for 20 h. then 
concentrated and residue was dissolved in EtOAc and washed wifl, 1.0 N HCl. satiated 
NaHC03, brine and dried (MgS04). Concentratian and purification (silica gel. 2 % 
MeOH/CH.Cl2) gave an ofF-white foam (0.520 g, 59%). 'h NMR (300 MHz. CDCy • 8 7 72 
(d, y= 7.5 Hz. 2 H, SChCiCm. 7.50-7.27 (m. 4 H. Ar), 7.12 (d, /= 8.1Hz 2 H 
CU,CiCmCHk), 7.00 (d, y = 6.6 Hz, 2 H, (C/O2COCH3). 6.81 (d, ^ = 8 4 Hz. i H 
(C^,COCH^, 5.64 (d. y = 5.1 Hz, 1 H. OC^). 537-4.90 (m. 5 H). 4.35-3.65 (m. l H) 
3.88 (s. 3 H, OC/6), 3.24-2.70 (m. 7 H). 1.90-1.70 (m. 3 H). 1.54 (d. J= 6.9H^ 1 5 H 
CCHCHaX 1.47 (d, y= 6.9 Hz. 1.5 H, CCHC^3), I.37-U2 (m. 3 H). 0.93 (d. y= 6.3 Hz. 3 
H. CHiCHshX 0.89 (d, 6,0 Hz. 3 a CHiCH,)^; ^'p NMR (121 MHz. CDCI3): 6 22.3, 

Example T 6 

Compound 17: A mixture of compomid 19 (0.520 g. 0.573 mmol) and 10% palladium on 
carbon (0.055 g) in ethanol (1 0 mL) was stirred under a hydrogen atmosphere (I atm) for 2 h 
Cehte was added to the reaction mixture and stirred for 5 min, then mixture was filtered 
through Celite and concentrated to give a white foam (0.4649 g, 99%). Residue was 
dissolved in anhydrous DMF (5.0 mL) and to this solution was added phenol (0.097 g 1 03 
mmol), dusopropylethylamine (0.36 mL, 2.06 mmol) followed by benzotiiazol-1 - 
yloxytripyiioldinophosphonium hexafluorpphosphate (0.536 g, 1.03 mmol) Reaction 
mixtur. was stirred for 20 h. then concentrated and residue was dissolved in EtOAc and 
washed with 1 N HCl. HA sat. NaHCOa. brine and dried (MgSO.). Concentration and 
purification (silica gel. 2 % MeOH/CHzCfc) gave a white foam (0.1 80 g, 35%) 
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Regents and conditions: i. a 48% HBr, 120»C. 65%; b. H, Pd(OH), EtOH lonv- 
«. CteCI. NaOH. toi/H20, 0»C to rt. 43%; b. 22. 08063. CH CN m' ' 

IV. 4% HF/CH3CN, 62%. ^ '.^-L'V'C, ^1 /o. 



Example 1 7 

Compound 21: Compound 20 (1 1.5 g, 48.1 mmol) in 48% HBr (150 mL) wa. heated at 
120T for 4 h, then cooled to room temperature and dauted wlh EtOAc. Mixture was 
neutralized with saturated NaHCO, solution and solid NaHCOs and extracted with EtOAc 
containingMeOH. Organic layer dried (MgS04), concentrated, and purified (silica gel 12 
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EtOAc/Hex vdtb 1 % MeOH) to give a hown solid (7.0 g, 65%). The resultii3g compound 
(7.0 g. 31.1 mmol) and 10% palladium hydroxide (Zl g) in EtOH (310 mL) vvas stirred under 
a hydrogen atmosphere for 1 d. flien filtered through CeHte and concentrated to give an off- 
white solid (4.42 & 100%). 'H NMR (300 MHz. CDCI3): 6 7.01 (d. y = 7.8 Hz, 1 H. ArX 
6.64 (s. 1 H, Ar). 6.61 (d, J= 8.1 Hz, 2 H. Ar). 4.07 (s, 2 H. ArC/ZaN), 4.05 (s. 2 K 
A1CH2N). 

Example 1 8 

Compound 22: To a solution of compound 21 (4.42 g. 32.7 mmol) in 1 .0 M NaOH (98 mL, 
98.25 mmol) at O^C was added dropwise benzyl dJoroformate (7.00 mL, 49.13 mmol) in ' 
toluene (7 mL). After addition ^complete, reaction mixture was stined overnight at room 
temperature. Reaction mixture was diluted with EtOAc and extracted vdth EtOAc 
Combined organic layer was dried (MgSO,), concentrated and purified (sflica gel. 2% 

MeOH/CHaCb) to give a white solid (3.786 g, 43%). The resulting compomui (0.6546 g, 
2.43 mmol) was dissolved in anhydrous acetonitrile (10 mLX and compound 23 (0.782 g,' 

2.92mmol)wasadded,followedbycesiumcarbonate(1.583g,4.86mmol). Reaction ' 
mixture was stirred for 2h at n)om temperature, then filtered, concentrated, and purified (3% 

MeOH/CHaCh) to give a brownish oil (1 .01 g, 99%). 

Example 19 

Compomid 25: To a solution of compound 22 (0.100 g. 0.238 mmol) in EtOAc/EtOH (2 mL 
1:1) was added acetic acid (14 ^L, 0238 mmol) and 10% paUadium on carbon (0.020 g) and' 
themixturewasstirredunderahydrogenatmospherefor2h. Celite was added to the 
reaction mixture and stirred for 5 min. then filtered through CeUte. Concentration and drying 
under high vacuum gave a reddish film (0.0777 g. 95%). Th, resulting amine (0.0777g. 
0.225 mmol) and aldehyde 24 (0.126 g. 0.205 mmol) in 1.2^ichloroethane (1.2 mL) were 
stiixed for 5 min at 0«C. then sodimn triacetoxyborohydtide (0.0608 g. 0.287 mmol) was 
added. Reaction mixture was stirred for 1 h at 0°C, then quenched with satmated NaHCOs 
solution and brine. Extracted with EtOAc. the organic layer was dried (MgS04). 
concentrated and purified (silica gel, 2% MeOH/CH^Cfc) to give a brown foam (38 7 mg 

21%). 'HNMR(300MHz,CDCl3):67.74(d,y=8.7Hz,2H,Ar),7.09(d,y=87Hz in 
Ar). 7.05-6.72 (m. 4 H. Ar), 5.71 (d, J= 5.1 Hz, 1 H), 5.22-5.07 (m. 2 H). 4.22-4.17 (m '7 H)' 
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4.16-3.69 (m. 9 H). 3.82 (s, 3 H). 3.25-2.51 (m, 7 H). 2.22-1.70 (m, 3 H). 1 .37 (t. 7 = 6.9 Hz, 
6 H), 1.10-0.58 (m, 21 H); ^'P NMR (121 MHz, CDCI3): 5 19.5. 



Example 20 

Compound 26: To a solution of compound 25 (38.7 mg, 0.0438 mmol) in acetonitrile (0.5 
mL) at O-C was added 48% HF (0.02 mL). The reaction mixture was stined at room 
temperature for 2 h, then quenched with saturated NaHCOj solution and extracted with 
EtOAc. Organic layer was separated, dried (MgSO*). concentrated and purified (silica gel. 3 
to 5% MeOH/CHaCIz) to give a red fihn (212 mg. 62%). 'H NMR (300 MHz, CDCI3): 8 ' 
7.73 (d. 7= 8.7 Hz. 2 H. Ar), 7.10 (d, 7= 8.7 Hz, 1 H, Ar), 6.97 (d. 7= 8.70 Hz. 2 H). 6.90- 
6.76 (m. 2 H). 5.72 (d. J= 5.1 Hz, 1 H). 5.41 (d. J= 9.0 Hz, 1 H). 5.15 (q, 7= 6.6 Hz.' 1 H). 
4.38-4.17 (m. 7 H). 4.16-3.65 (m, 9 H), 3.87 (s. 3 H), 3.20-2.82 (m, 7 H), 2.75-1.79 (m, 3 H). 
1.37 (t. J= 6.9 Hz. 6 H). 0.90 (d, 7= 6.6 Hz, 3 H). 0.88 (d, J= 6.6 Hz. 3 H); ^'p NMR (121 ' 
MHz, CDCI3): 5 193. 



Scheme 5 
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^ O^COzEt ^ H- ^-\>-|f-OPh 



33 
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Reagents and conditions: i. Boc^O, NaOH, H20, 96%- 

ii. a. HP(0Et)2. EtgN. (PPh3)4Pd, 90°C. b. TIWSBr. CH3CN 65%- 

"I. B0C2O, NaOH, THF/HaO. 89%; iv. PhOH. DCC, pyr 70»C 71%- 

V. a. NaOH. CH3CN. 94%; b. Et lactate, DCC. pyr. ZO'C. 80%- vi a TFA CH,CI,- 

b. 24. AcOH. NaBHgCN. EtOH. 33%; vii. 4% HRCH3CN 88%' ' 

yili. HCHO. AcOH, NaBHaCN. EtOH. 67%; 

ix. CH3CN. DMSO, PBS, porcine liver esterase, 38°C, 21%. 

Example 21 

Compound 28: To a mixture of 4^romoben2ylamine hydiochloiide (15.23 g, 68.4 imnol) in 

H2O (300 mL) was added sodium hydroxide (821 g, 2052 mmol). followed by di^«/-bulyl 

dicarbonate (16.45g. 75.3 mmoJ). ReacUon mixture was vigorously stirred for 18 h, then 

diluted with EtOAc (500 mL). Organic layer separated and aqueous layer extracted with 

EtOAc (200 mL). Combined orgaiuc layer was dried (MgSOa concentrated and dried under 

high vacuum to give a white soUd (18.7 g. 96%). NMR (300 MHz, CDCI3): 5 7 41 (d. J= 

8.4 Hz. 2 H). 7.12 (d, J= 8 J Hz. 2 H), 4.82 (s. 1 H, N^. 422 (d, 6.1 Hz. 2 H). 1.41 (s 9 
H). 'V. 



Example 22 



Compound29: Compound 28 (5.00 g. 1 7.47 mmol) was coevaporated with toluene. Diethyl 
phosphite (1 1 .3 mL. 87.36 mmol) was added and mixture was coevaoorated with tolnen« 
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(2x). Triethylamine (24.0 mL, 174 J mmol) was added and mixture was purged with argon 
for 10 min, then tetrakis(triphenylphosphine) palladium(0) (4.00 g, 3.49 mmol) was added. 
Reaction mixture was refluxed for 1 8 h, cooled, concentiated and diluted with EtOAc 
Washed with 0.5 N HCl, 0.5 M NaOH, HA hrine and dried (MgSO,). Concentrated and 
purification (silica gel. 70% EtOAc/Hex) gave an impure reaction product as a yellow oil (6.0 
g). This material (6.0 g) was dissolved in anhydrous acetonitrile (30 mL) and cooled to 0»C 
BromoHimethyisilane (1 1 .5 mL, 87.4 mmol) was added and reaction mixture was warmed to 
room temperature overl5 h. Reaction mixture was concentrated, dissolved in MeOH (50 
inL)andstinedforl.5h. H.0 (1 mL) was added and mixture stirred for 2 h. Concenlrated 
to dryness and dried under high vacuum, then triturated with Et^O containing 2% MeOH to 
give a white solid (3.06 g. 65 %). NMR (300 MHz, D^O): 8 7.67 (dd. J= 12.9, 7.6 Hz, 2 
H), 7.45-7.35 (m, 2 H), 4.10 (s. 2 H); NMR (121 MHz. D^O): 5 12.1. 

Example 23 

Compound30: Compound 29 (4.78 g, 17.84 mmol) was dissolved in HjO (95 mL) 
contaming sodium hydroxide (3.57 g. 89.20 mmol). Di-rm-butyl dicarbonate (7.63 g. 34 94 
nmiol) was added, followed by THF (25 mL). Tlie clear reaction mixture was stirred ' 
ovcmighf at room temperature then concentrated to -100 mL. Washed with EtOAc and 
acidified topH 1 with 1 N HCl and extracted with EtOAc (7x). Combined organic layer was 
dried (MgS04). concentrated and dried under high vacuum. Trituration with EfcO gave a 
white powder (4.56 g, 89%). 'H NMR (300 MHz. CD^OD): 6 7.85-7.71 



I; ^'P NMR (121 MHz, 



Examplft 7A 

Compomid31: Compound 30 (2.96 g. 10 J2 mmol) was coevaporated with anhydrous 
pyridine (3 x 10 mL). To this residue was added phenol (9.71 g, 103.2 mmol) and mixture 
was coevaporated withanhydrous pyridine (2xl0mL). Pyridine (50 mL) was added and 
solution heated to 70«'C. After 5 min, 1,3-dicyclohexylcarbodiimide (8.51 g. 41.26 mmol) 
was added and resulting mixture was stined for 8 h at 70X. Reaction mixture was cooled 
and concentrated and coevaporated with toluene. Residue obtained was dfluted with EtOAc 
andtheresultingprecipitatewasremovedbyfiltration. Hie filtrate was concentrated and 
purified (silica gel, 20 to 40% EtOAc^ex, another column 30 to 40% EtOAc/Hex) to give a 
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white solid (320 g, 71%). *H NMR (300 MHz, CDCI3): 5 7.90 (dd, J= 13.8, 8.2 Hz, 2 H), 
7.41-7. 1 0 (m, 14 H), 5. 1 7 (br s; 1 H, 4.35 (d, J- 5.2 Hz, 2 H), 1 .46 (s, 9 H); ^'P NMR 
(121MHz,CDCl3):811.8. 

' Example 25 

Compound 32: To a solution of compound 31 (3.73 g, 8.49 mmol) in acetonitrile (85 mL) at 
C^C was added 1 MNaOH (21.2 mL, 2121 mmol). Reaction mixture was stirred at O^^C for 
30 min, then wanned to room temperature over 4 h. Reaction mixture cooled to O^^C and 
Dowex (H+) residue was added to pH 2. Mixture was filtered, concentrated and residue 
obtained was triturated with EtOAc/Hex (1 ;2) to give a white powder (2.889 g, 94%). This 
compound (2.00 g, 5.50 mmol) was coevaporated with anhydrous pyridine (3x10 mL). The 
residue was dissolved in anhydrous pyridine (30 mL) and ethyl (S>-lactate (6.24 mL, 55 
mmol) and reaction mixtme was healed to 70°C. After 5 min, 1,3-dicyclocarbodiiimide (4.54 
g, 22.0 mmol) was added. Reaction mixture was stirred at 70**C for 5 h, then cooled and 
concentrated. Residue was dissolved in EtOAc and precipitate was removed by filtration. 
The filtrate was concentrated and purified (25 to 35% EtOAc/Hex, another column 40% 
EtOAc/Hex) to give a colorless oil (2.02 g, 80%). ^H NMR (300 MHz, CDCI3): 5 7.96-7,85 
(m, 2 H), 7.42-7.35 (m, 2 H), 7.35-7.08 (m, 4 H), 5.16-5.00 (m, 1 H), 4.93 (s, 1 H, N/Q, 4.37 
(d, 5.5 Hz, 1 H), 4.21 (q, 7.3 Hz, 1 H), 4.1 1 (dq, J= 5.7, 2.2 Hz, 1 H), 1.62-1.47 (m, 3 
H), 1.47 (s, 9 H), 1.27 (t, 7.3 Hz, 1.5 H), 1.17 (t, J- 7.3 Hz, 1.5 H); ^^P NMR (121 MHz, 
CDCl3):516.1,15.0. 

Example 26 

Compound 33: Compound 32 (2.02 g, 4,36 mmol) was dissolved in CH2CI2 (41 mL) and 
cooled to O^C. To this solution was added trifiuoroacetic acid (3.5 mL) and reaction mixture 
was stirred at OX for 1 h, then at room temperature for 3 h. Reaction mixture was 
concentrated, coevaporated with EtOAc and diluted with H2O (400 mL). Mixture was 
neutralized with Amberlite IRA-67 weakly basic resin, then filtered and concentrated. 
Coevaporation with MeOH and dried under high vacuum to give the TFA amine salt as a 
semi-solid (1.48 g, 94%). To a solution of the amine (1.48 g, 4.07 mmol) in absolute ethanol 
(20 mL) at O^C was added aldehyde 24 (1 .39 g, 2.26 nmiol), followed by acetic acid (0.14 
mL, 2.49 mmol). After stirrii^ for 5 min, sodium cyanoborohydride (0284 g, 4.52 mmol) 
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was added and reaction mixture stirred for 30 nun at O^C. Reaction was quenched with 
saturated NaHCOs solution and diluted with EtOAc and H2O. Aqueous layer was extracted 
with EtOAc (3x) and combined organic layer was dried (MgS04), concentrated and purified 
(silica gel, 2 to 4% MeOH/CH2Cl2) to give white foam (0.727 g, 33%). I^MR (300 MHz, 
CDCI3): 5 7.98-7.86 (m, 2 H), 7.71 (d, J= 8.6 Hz, 2 H), 7.49 (br s, 2 H), 7.38^7.05 (m, 5 H), 
6.98 (d, J= 8.8 Hz, 2 H), 5.72 (d, 5.1 Hz, 1 H), 5.28-5.00 (m, 2 H), 4.30-3.72 (m, 12 H), 
3.42-3.58 (m, 1 H), 3.20-2.68 (m, 7 H), 2.25-1.42 (m, 6 H), 1.26 (t,y = 7.2 Hz, 1.5 H), 1.17 
(t, y = 7.2 Hz, 1 .5 H), 1.08-0.50 (m, 21 H); ^'p NMR (121 MHz, CDCI3): 8 16.1, 15.1. 

Example 27 

Compoxmd 34: To a solution of compound 33 (0.727 g, 0.756 mmol) in acetonitrile (7.6 mL) 
at 0**C was added 48% hydrofluoric acid (0.152 mL) and reaction mixture was stirred for 40 
min at O'^C, then diluted with EtOAc and H2O. Saturated NaHCOs was added and aqueous 
layer was extracted with EtOAc (2x). Combined organic layer was dried (MgS04), 
concentrated and purified (silica gel, 4 to 5% MeOH/CHaCfc) to give a coloriess foam 
(0.5655 g, 88%). ^H NMR (300 MHz, CDCI3): 5 7.95-7.82 (m, 2 H), 7.67 (d, J= 8. 1 Hz, 2 
H), 7.41 (br s, 2 H), 7.38-7.05 (m, 5 H), 6.95 (d, 7- 7.2 Hz, 2 H), 5.76 (d, •/= 7.9 Hz, 1 H), 
5.67 (d, J= 5.0 Hz, 1 H), 532-4.98 (m, 2 H), 4.25-3.75 (m, 13 H), 325-2.70 (m, 7 H), 2.15- 
1.76 (m, 3 H), 1.53-L41 (m, 3 H), 1.25-1.08 (m, 3 H), 0.87 (d,-/= 4.2 Hz, 6 H); ^^P NMR 
(121 MHz, CDCI3): 6 16.1, 15.0. 

Example 28 

Compound 35: To a solution of compound 33 (0.560 g, 0.660 mmol) in absolute ethanol (13 
mL) at O'^C was added 37% fonnaldehydc (0.54 mL, 6.60 mmol), followed by acetic acid 
(0.378 mL, 6.60 mmol). The reaction mixture was stirred at 0**C for 5 min, then sodium 
cyanoborohydride (0.415 g, 6.60 mmol) was added. Reaction mixture was wanned to room 
temperature over 2 h, then quenched with saturated NaHCOs solution. EtOAc was added and 
nuxture was washed with brine. Aqueous layer was extracted with EtOAc (2x) and 
combined organic layer was dried (MgS04), concentrated and purified (silica gel, 3% 
MeOH/CHiCla) to give a vrfiite foam (0.384 g, 67%). ^H NMR (300 MHz, CDCb): 5 7.95- 
7.82 (m, 2 H), 7.71 (d, J- 8.4 Hz, 2 H), 7.38 (br s, 2 H), 7.34-7.10 (m, 5 H), 6.98 (d, J= 8.8 
Hz, 2 H), 5.72 (d, J= 5.0 Hz, 1 H), 5.50 (brs, 1 H), 5.19-5.01 (m, 2 H), 4.29-3.75 (m, 10 H), 
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3.85 (s, 3 H), 335-2.70 (m, 7 H), 2.23 (s, 3 H), 2.17-1.79 (m, 3 H), 1.54 (d. J= 6.9 Hz. 1.5 
H), 1.48(d,/=6.8Hz, 1.5 H), 125 (t,J= 72Hz, 1.5 H), 1.16(1,7=7.2 Hz, 1.5H),0.92(d, 
7= 6.6 Hz, 3 H). 0.87 (d, J= 6.6 Hz, 3 H). ^'P NMR (121 MHz, CDCI3): S 16.0, 14.8. 

p 

Example 29 

Compound 36: To a solution of compound 35 (44 mg, 0.045 mmol) in acetonitrile (1.0 mL) 
and DMSO (0.5 mL) was added phosphate buffered saline (pH 7.4, 5.0 mL) to give a cloudy 
white su^ension. Porcine liver esterase (200 pL) was added and reaction mixture was stirred 
for 48 h at SS'^C. Additional esterase (600 nL) was added and reaction was continued for 4 d. 
Reaction mixture was concentrated, diluted with MeOH and the resulting precipitate removed 
by filtration. Filtrate was concentrated and purified by reverse phase HPLC to give a white 
powder after lyophilization (7.2 mg, 21%), NMR (300 MHz, CD3OD): S 7.95 (br s, 2 H), 
7.76 (d, J= 8.4 Hz, 2 H), 7.64 (br s, 2 H), 7.13 (d, 8.7 Hz, 2 H), 5.68 (d, J= 5.1 Hz, 1 H), 
5.14 (hr s, 1 H), 4.77 (br s, 1 H), 4.35-3.59 (m, 8 H), 3.89 (s, 3 H), 3.45-2.62 (m, 10 H), 2.36- 

1.86 (m, 3 H), 1.44 (d, J= 6.3 Hz, 3 H), 0.92 (d, J= 6.6 Hz, 3 H), 0.84 (d, 7= 6.6 Hz, 3 H); 
^^P NMR (121 MHz, CD3OD): 6 13.8. 
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Btample 1 

Monophospholactate 2: A solution of 1 (0.1 1 g, 0.15 mmol) and a-hydroxyisovaleric acid 
ethyl-(S)-ester (71 mg, 0.49 nunol) in pyridine (2 mL) was heated to 70°C and 1> 
dicyclohexylcarbodiimide (0.10 g, 0.49 mmol) was added The reaction mixture was stincd 
at TO^C for 2 h and cooled to room temperature, lie solvent was removed under reduced 
pressure. The residue was suspended in EtOAc and U-dicyclohexyl urea was filtered off. 
The product was partitioned between EtOAc and 02 N HCl. The EtOAc layer was washed 
with 02 N HCl, H2O, saturated NaCl. dried with NajSO*. filtered, and concenttated. The 
crude product was purified by column chromatognq)hy on silica gel (3% 2-propanol/CH2Cl2) 
to give the monophospholactate (35 mg, 28%. GS 192771, 1/1 diastercomeric mixture) as a 
white solid: 'H NMR (CDCI3) 8 7.71 (d, J = 8.7 Hz. 2H), 7.36-7.14 (m, 7H), 6.99 (d, J = 8.7 
Hz. 2H). 6.94-6.84 (dd, 2H), 5.65 (d, J = 5.4 Hz, IH), 5.00-4.85 (m. 3H), 4.55 (dd, IH), 4.41 
(dd, IH). 422-4.07 (m. 2H), 3.96-3.68 (m, 9H), 3.12-2.74 (m, 7H), 229 (m, IH), 1.85-1.57 
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(m. 3H), 1.24 (m, 3H), 1.05 (d. J = 6.6 Hz, 3H), 0.98 (d, J = 6.6 Hz, 3H), 0.9 (m, 6H); ^'P 
NMR(CDCl3)817.7,15.1. 



MonophDspholactate 3: Asolutionof 1 (0.11 g,0.15nmiol)anda.hydroxyisovalericadd 
eti»yl-(R)-ester (71 mg, 0.49 mmol) in pyridine (2 mL) was heated to 70°C aod U- 
dicyclohexylcarbodiimide (0. 1 0 g, 0.49 mmol) was added. The reaction mixture was stined 
at 70'C for 2 h and cooled to room temperature. The solvent was removed under reduced 
pressure. The residue was suspended in EtOAc and 1,3-dicyclohexyl urea was filtered off. 
The product was partitioned between EtOAc and 02 N HCl. The EtOAc layer was washed 
with 0.2 N HCl, HjO, saturated NaCl, dried with N^S04, filtered, and concentrated. The 
crude product was purified by column chromatography on silica gel (3% 2-propanoyCH2Cl2) 
to give the monophospholaclate (35 mg. 28%, GS 192772, 1/1 diastereomeric mixture) as a 
white soUd: 'H NMR (CDCI3) 8 7.71 (d. J = 8.7 Hz. 2H), 7J5-7. 13 (m, 7H), 6.98 (d, J = 8.7 
Hz, 2H). 6.93-6.83 (dd, 2H), 5.64 (d, J = 5.4 Hz, IH), 5.04-4.85 (m, 3H), 4.54 (d4 IH), 439 
(dd, IH), 4.21-4.06 (m, 2H), 3.97-3.67 (m, 9H). 3.12-2.75 (m, 7H), 2.27 (m, IH), 1.83-1.57 
(m, 3H), 1.26 (m, 3K), 1.05 (d, J= 6.6 Hz, 3H), 0.98 (d, J = 6.6 Hz, 3H), 0.9 (m, 6H); ^'p 
NMR (CDCI3) 817.7,15.1. 

Example 3 

Monophospholactate 4: A solution of 1 (0.10 g, 0.13 mmol) and methyl-2,2-dimethyl-3- 
hydroxypropionate (56 mL, 0.44 mmol) in pyridine (1 mL) was heated to 70''C and 1,3- 
dicyclohexylcarbodiimide (91 mg, 0.44 mmol) was added. TTie reaction mixture was stirred 
at 70''C for 2 h and cooled to room temperature. The solvent was removed under reduced 
pressure. The residue was suspended in EtOAc and 1,3-dicyclohexyI urea was filtered off. 
The product was partitioned between EtOAc and 0.2 N HCL The EtOAc layer was washed 
with 02 N HCl, H2O, saturated NaCl, dried with Na2S04, filtered, and concentrated. The 
crude product was purified by column chromatography on silica gel (3% 2-propanol/CH2Cl2) 
to give the monophospholactate (72 mg, 62%, GS 1 91 484) as a white solid: 'H NMR 
(CDCl,) 5 7.71 (d, J = 8.7 Hz, 2H), 7.34 (m, 2H), 725-7.14 (m. 5H), 7.00 (d. J = 9.0 Hz, 2H), 
6.87 (d, J = 8.7 Hz. 2H), 5.65 (d, J = 5.4 Hz, IH). 5.05 (m, 2H). 4.38 (d, J = 9.6 Hz, 2H). 



1 
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4.32-420 (m, 2H). 4.00 (m. 2H). 3.87-3.63 (m. 12H), 3.12-2.78 (m, 7H), 1.85-1.67 (m, 3H), 
1.20 (m, 6H), 0.91 (d, J = 6.6 Hz, 3H), 0.88 (d. J = 6.6 Hz, 3H); ^'p NMR (CDCI3) S 16.0. 

Example 4 

Lactate 5: To a suspension of lactic acid sodium salt (5 & 44.6 mmol) in 2-propanol (60 mL) 
was added 4-(3-chloropropyl)moipholine hydrochloride (8.30 g, 44.6 mmol). The reaction, 
mixture was heated to reflux for 1 8 h and cooled to room temperature. The soKd was filtered 
and the filtrate was reciystallized fi-om EtOAc / hexane to give the lactate (12 g, 12%). 

Example 5 

Monophospholactate 6: A solution of I (0.10 g, 0.13 mmol) and lactate 5 (0.10 g, 0.48 
mmol).in pyridine (2 mL) was heated to 70"C and 1,3-dicyclohexylcarbodiimide (0.10 g, 0.49 
mmol) was added. The reaction mixture was stirred at 70"C for 2 h and cooled to room 
temperature. The solvent was removed under reduced pressure. The residue was suspended 
in EtOAc and 1,3-dicyclohexyl urea was filtered oflF. The product was partitioned between 
EtOAc and H2O. The EtOAc layer was washed with saturated NaCl, dried with Na2S04, 
filtered, and ooncentiated. The crude product was purified by column chromatography on 
siUca gel (4% 2-propanol/CH2Cl2) to give the monophospholactate (30 mg, 24%, GS 192781, 
1/1 diastereomeric mixture) as a white soUd: 'h NMR (CDCI3) 5 7.71 (d, J = 8.7 Hz, 2H), 
7.38-7.15 (m, 7H), 7.00 (d, J = 8.7 Hz. 2H), 6.91 (m, 2H), 5.65 (d, J = 3.3 Hz, IH), 5.18-4.98 
(m, 3H). 4.54 (dd, IH), 4.42 (dd, IH), 4.2 (m. 2H), 4.00-3.67 (m, 16H), 3.13-2.77 (m, 7H). 
2.4 (m, 5H). 1 .85-1.5 (m, 5H ). 1.25 (m, 2H), 0.93 (d, J = 6.6 Hz. 3H), 0.88 (d. J = 6.6 Hz,' 
3H); NMR (CDCI3) 6 17.4. 15.4. 

Example 6 

Sulfonamide 8: A sohition of dibenzylphosphonate 7 (0.1 g, 0.13 mmol) in CH2CI2 (0.5 mL) 
at 0°C was treated with trifluoroacetic acid (0.25 mL). The solution was stiired for 30 min at 
0»C and then warmed to room temperature for an additional 30 min. The reaction mixture 
was dihited with toluene and concentrated under reduced pressure. The residue was co- 
evaporated with toluene (2 x), chloroform (2 x), and dried under vacuum to give the 
ammonium Inflate salt which was dissolved in CH2CI2 (1 mL) and cooled to 0°C. 
Triethylamine (72 nL, 0.52 mmol) was added foUowed by the treatment of 4- 
methylpiperazinylsulfonyl chloride (25 mg. 0.13 mmol). The solution was stined for 1 h at 
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OX and the product was partitioned between CH2CI2 and H2O. Hie organic pbase was 
washed with saturated NaCl, dried with Na2S04, filtered, and ev^orated under reduced 
pressure. The crude product was purified by column chromatography on silica gel (5% 2- 
propanol/CHzCfe) to give the sulfonamide 8 (32 mg, 30%, GS 273835) as a white solid: 
^HNMR (CDCI3) 5 7.35 (m, 1 OH), 7.1 1 (d, J - 8.7 Hz, 2H), 6.81 (d, J = 8.7 Hz, 2H), 5.65 (d, 
J = 5.4 Hz, IH), 5.2-4.91 (m, 4H), 4.2 (d, J = 10.2 Hz, 2H), 4.0-3.69 (m, 6H), 3.4-3.19 (m, 
5H), 3.07-2.75 (m, 5H), 2.45 (m, 4H), 2.3 (s, 3H), 1 .89-1.44 (m, 7H), 0.93 (m, 6H); ^^P NMR 
(CDCI3) 5 20.3. 

Example 7 

Phosphonic Acid 9: To a solution of 8 (20 mg, 0.02 mmol) in EtOAc (2 mL) and 2-propanol 
(0.2 mL) was added 10% Pd/C (5 mg). The suspension was stirred under H2 atmosphere 
(baQoon) at room temperature overnight. The reaction mixture was filtered through a plug of 
celite. The filtrate was concentrated and dried under vacuum to give the phosphonic acid (10 
mg, 64%) as a white solid. 

Example 8 

Dibenzylphosphonate 1 1: A solution of 10 ( 85 mg, 0.15 mmol) and lif-tetiazole (14 mg, 
020 mmol) in CH2CI2 (2 mL) was treated with Dibenzyldiisopropylphosphoramidite (60 pL, 
0.20 mmol) and stirred at room temperature overnight The product was partitioned between 
CH2CI2 and H2O, dried with Na2S04, filtered and concentrated. The crude product was 
purified by column chromatography to give the intermediate dibenzylphosphite (85 mg, 0.1 1 
mmol) which was dissolved in CH3CN (2 mL) and treated with iodobenzenediacetate (51 mg, 
0. 1 6 mmol). The reaction mixture was stirred at room temperature for 3 h and concentrated. 
The residue was partitioned between EtOAc and NaHCOs. The organic layer was washed 
with H2O, dried with N^S04, filtered, and concentrated. Tlie crude product was purified by 
column chromatography on silica gel (3% 2-propanoI/CH2Cl2) to give the 
dibenzylphosphonate (45 mg, 52%) as a white solid. 

Example 9 

Disodium Salt of Phosphonic Acid 12: To a solution of 1 1 (25 mg, 0.03 mmol) in EtOAc (2 
mL) was added 10% Pd/C (10 mg). The suspension was stirred under H2 atmosphere 
(balloon) at room temperature for 4 h. The reaction mixture was filtered through a plug of 
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celite. The filtrate ym concentrated and dried under vacwim to give the phosphonic acid 
which was dissolved in H2O (ImL) and treated with NaHCOs (2.53 mg, 0.06 mmol). The 
reaction mixture was stirred at room temperature for 1 h and lyophilized overnight to give the 
disodium salt of phosphonic acid (19.77 mg, 95%, GS 273777) as a vrtiite solid: 'H NMR 
; (CD3OD) 8 7.81 (d, J = 9.0 Hz, 2H), 7.35 (d, J = 8. 1 Hz, 2H), 7.27-7.09 (m, 5H), 5.57 (d, J = 
5.1 Hz, IH), 5.07 (m, IH), 4.87-4.40 (m, 3H), 3.93-3.62 (m, 6H), 3.45-2.6 (m, 6H), 2.0 (m, 
2H), 1.55 (m, IH), 0.95-0.84 (m, 6H). 

Example 10 

Dibenzylphosphonate 14: A solution of 13 ( 0.80 g, 0.93 mmol) and If/^tetrazole (98 mg, 
L39 mmol) in GH2CI2 (15 mL) was treated with dibenzyldiisopropylphosphoramidite (0.43 
mL, 1.39 mmol) and stirred at room temperature ovemi^t. The product was partitioned 
between CH2CI2 and HjO, dried with Na2S04, filtered and concentrated. The crude product 
was purified by column chromatography to give the intermediate dibenzylphosphite (0.68 g, 
67%). To a solution of the dibenzylphosphite (0.39 g, 0.35 mmol) in CH3CN (5 mL) was 
added iodobenzenediacetate (0. 1 7 g, 0.53 nunol). The reaction mixture was stirred at room 
temperature for 2 h and concentrated. The residue was partitioned between EtO Ac and 
NaHCOa. The organic layer was washed with H2O, dried with N2^S04, filtered, and 
concentrated The crude product was purified by column chromatography on silica gel (3% 
2-propanol/CH2C]2) to give the dibenzylphosphonate (0 J5 g, 88%) as a white solid. 

Example 1 1 

Disodium Salt of Phosphonic Acid 15: To a solution of 14 (0.39 g, 0.35 mmol) in EtOAc (30 
mL) was added 10% Pd/C (0.10 g). The suspension was sfirred under H2 atmosphere 
(balloon) at room temp^ature for 4 h. The reaction nuxture was filtered through a plug of 
celite. The filtrate was concentrated and dried under vacuum to give the phosphonic acid, 
which was dissolved in H2O (3 mL) and treated with NaHCOa (58 mg, 0.70 mmol). The 
reaction mixture was stirred at room temperature for 1 h and lyophilized overnight to give the 
disodium sah of phosphonic acid (0.31 g, 90%, GS 27381 1) as a white solid: ^H NMR 
{CD3OD) 5 7.81 (d, J = 9.0 Hz, 2H), 7.43-7.2 (m, 7H), 7.13 (d, J = 9.0 Hz, 2H), 6.9 (m, 2H), 
5.55 (d, J = 4.8 Hz, IH), 5.07 (m, 2H), 4.87(m, IH), 4.64-4.4 (m, 4H), 3.93-3.62 (m, 9H), 
333-2.63 (m, 5H), 2.1 1 (m, IH), 1.6-1.42 (m, 4H), 1.38-1.25 (m, 7H), 0.95 (d, J = 6.3 Hz, 
3H), 0.84 (d, J = 6.3 Hz, 3H). 
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The conversion of 1 to 1.1 is described in J. Org Chem 1996, 61, p444-450 
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2-BeiizyIoxycarbonylaiiuo(H3-(44ert-butoxy-pheny]).propioiiic add methyl ester (23) 
H-D-Tyr-O-me hydrochloride 2.1 (25 g. 107.7 nunol) is dissolved in methylene chloride (150 
mL) and aqueous sodium bicarbonate (22 g in 150 mL water), and then cooled to 0°C. To 
this resulting solution benzyl chlorofonnate (20 g, 1 1 8 mnol) is slowly added. After 
complete addition, the resulting solution is warmed to room temperature ,and is then stirred 
for 2 h. The organic phase is separated, dried over Na2S04, and concentrated under reduced 
pressure, to give the crude cail>amate 2 J. (35g). The crude CBZ-Tyr-OMe product is 
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dissolved in me%lene chloride (300 xnL) containing concentrated H2SO4. Isobutene is 
bubbled though the solution for 6 h. The reaction is then cooled to O^'C, and neutralized with 
saturated NaHCOa aqueous solution. The organic phase is separated, dried, concentrated 
under reduced pressure, and purified by silica gel column chromatography to afford the tert- 
: butyl ether 23 (25.7 g, 62%). 

[2*(4-tert-Buto}Qr-pheiiyl)-l-formyI-ethyl]-carbaniic acid benzyl ester (2.4) 
(Reference J. O. C. 1997, 62, 3884). 

To a stined -78^C methylene chloride solution (60 mL) of 23, DIBAL (82 mL of 1 .5 M in 
toluene, 123 mmol) was added over 15 min. The resultant solution was stirred at -78*^C for 
30 min. Subsequently, a solution of EtOH/36 % HCl (9/1; 15 mL) is added slowly. The 
solution is added to a vigorously stiired aqueous HCl sohition (600 mL, IN) at O^C. The 
layers are then sq>arated, and the aqueous phase is extracted with cold methylene chloride. 
The combined organic phases are washed with cold IN HCl aqueous solution, water, dried 
over Na2S04, and then concentrated under reduced pressure to give the crude aldehyde 2.4 
(20g,91%). 

[4-Ben2ylo3grcarbonylamino-l.(4-tert-butoxy-ben2yI)-^^ 
dihydroxy-pentylj-carbamic acid benzyl ester (23) 

To a slurry of VCl3(lHF)3 m methylene chloride (150 mL) at room temperature is added 
Zinc powder (2.9 g, 44 mmol), md the resulting solution is then stirred at room temperature 
for 1 hour. A solution of aldehyde 2.4 (20 g, 56 mmol) in methylene chloride (100 mL) is 
then added over 10 min. The resulting solution is then stiired at room temperature overnight, 
poured into an ice-cold H2SO4 aqueous solution (8 mL in 200 mL), and stirred at O^'C for 30 
min. The methylene chloride solution is separated, washed with IN HCl until the washing 
solution is light blue. The organic solution is then concentrated under reduced pressure 
(solids are formed during concentration), and diluted with hexane. The precipitate is 
collected aDtd washed thoroughly with a hexane/methylene chloride mixture to give the diol 
product 23. The filtrate is concentrated under reduced pressure and subjected to silica gel 
chomatography to afford a fiirther 1.5 g of 2.5. (Total = 13 g, 65 %). 

[l-{5-[l-Benzyloxy€arbonylamino«2<4-teH-butoa7-phenyl)-ethyI]-2,2-dimeth^^ 
[l,3]diaxo]an-4-yl}-2-(4-tert-butoxy-phenyl>ethyl]-carbamic acid benzyl ester (2.6) 
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Did 2.5 (5 g, 7 mmol) is dissolved in acetone (120 mL), 2^-dimethoxypropane (20 mL), and 
pyridimum p-toluenesulfonate (120 mg, 0.S mmol). The resutting solution is reiluxed for 30 
min., and then concentrated under reduced pressure to almost dryness. The resulting mixture 
is partitioned between methylene chloride and saturated NaHCOs aqueous solution, dried, 
concentrated under reduced pressure, and purified by silica gel column chomatography to 
afford isopropylidene protected diol 2.6 (4.8 g, 92 %). 

4,8-Bis-(4-iert-bttto][y-beIlzyl>292-dimethy^hexahydr^^ 
one(2.8) 

The diol 2.6 is dissolved in EtOAc/EtOH (1 0 mL/2 mL) in the presence of 1 0 % Pd/C and 
hydrogenated at atmospheric pressure to afford the diamino compound 2.7. To a solution of 
crude 2.7 in l,l,2,24etrachloroethane is added 1,1-carboxydiunidazole (1.05 g, 6.5 mmol) at 
room temperature. The mixture is stirred for 1 0 min, and the resulting solution is then added 
dropwise to a refluxing 1,1 *,2,2'-tetrachloroethane solution (1 50 mL). After 30 min., the 
reaction mixture is cooled to room temp^ture, and washed with S % citric acid aqueous 
solution, dried over Na2S04, concentrated under reduced pressure, and purified by silica gel 
column chomatography to afibrd the cyclourea derivative 2.8 (1.92 g, 60 % over 2 steps). 

S,6-Dihydroxy-4,7-bis-(4-hydrorf-benzyl)-[13)diaizepan-2-one(2.9) 

Cyclic Urea 2.8 (0.4 g, 0.78 mmol) was dissolved in dichloromethane (3 mL) and treated 
with TFA (1 mL). The mixture was stirred at room temperature for 2 h upon which time a 
white sohd precipitated. 2 drops of water and methanol (2 mL) were added and the 
homogeneous solution was stirred for 1 h and concentrated under reduced pressure. The 
crude soUd, 2.9, was dried ovemigbt and then used without further purification. 

4,8-Bis-(4-hydroxy-benzyl)-2^-diinethyl-hexahydro-l^ioxa-^^^ 
(2.10) 

Diol 2.9 (1.8 g, 5.03 mmol) was dissolved in DMF (6 mL) and 2,2-dimethoxypropane (12 
mL). P-TsOH (95 mg) was added and the mixture stirred at 65^C for 3 h. A vacuum was 
applied to remove water and then the mixture was stirred at 65°C for a further 1 h. The 
excess dimethoxypropane was then distilled and the remaining DMF solution was then 
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allowed to cool. The solution of acetonide 2.10 can then used without further purification 
fiiture reactions. 
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3-Cyano-4-lluorobenzyI urea 3*1 : A solution of urea 1.1 (1.6 g, 4.3 mmol ) in THF was 
treated with sodium hydride (0.5 g of 60 % oil dispersion^ 13 mmol). The mixture was stirred 
at room temperature for 30 min and then treated with 3-cyan<>4-fluorobenzyl bromide 3.9 
(1 .0 g, 4.8 mmol). The resultant solution was stirred at room temperature for 3 h, 
concentrated under reduced pressure, and then partitioned between CH2CI2 and saturated 
brine solution containing 1 % citric acid. The organic phase was separated , dried over 
sodiimi sulfate, filtered and concentrated under reduced pressure. The residue was purified 
by silica gel eluting with 15-25% ethyl acetate m hexanes to yield urea 3.1 (1 .5 g, 69 %) as a 
white form. 

Benzyl ether 32 : A solution of 3.1 (0.56 g, 1 .1 mmol) in DMF (5 mL) was treated with 
sodium hydride (90 mg of 60 % oil dispersion, 2.2 mmol) and the resultant mixture stirred at 
room temperature for 30 min. 4-Benzyloxy benzyl chloride 3.10 (0.31 g, 1.3 mmol) was 
added and Hit resultant solution stirred at room temperature for 3 h. The mixture was 
concentrated under reduced pressure and then partitioned between CH2CI2 and saturated biine 
solutioiL The organic phase was separated, dried over sodium sul&te, filtered, and 
concentrated under reduced pressure. The residue was purified by silica gel eluting with 1- 
10% ethyl acetate in hexanes to yield compound 3«2 (0.52 g, 67 %) as white form. 

Indazoie 3.3: Benzyl ether 32 (0.51 g, 0.73 mmol) was dissolved in n-butanol (1 0 mL) and 
treated with hydrazine hydrate (1 g, 20 mmol). The mixture was refluxed for 4 h and then 
allowed to cool to room temperature. Hie mixture was concentrated under reduced pressure ■ 
and the residue was then partitioned between CH2CI2 and 10 % citric acid solution. The 
organic phase was separated, concentrated under reduced pressure, and then purified by silica 
gel column eluting with 5% methanol in CH2CI2 to afford indazoie 33 (0.42 g, 82 %) as 
white solid. 

Bo€-indazole 3.4 : A solution of indazoie 33 (0.4 g, 0.59 mmol) in CH2CI2 (10 mL) was 
treated with diisopropylethylamine (0.1 9 g, 1.5 mmol), DMAP (0.1 8 g, 1.4 mmol), and di- 
tert-butyl dicarbonate (0.4 g, 2 mmol). The mixture was stirred at room temperature for 3 h 
and then partitioned between CH2CI2 and 5 % citric acid solution. The organic phase was 
separated, dried over sodium sulfate, filtered and concentrated under reduced pressure. The 
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residue was purified by silica gel eluting with 2% methanol in CH2CI2 to ajQTord 3.4 (0.42 g, 
71 %). 



Phenol 3.5 : A solution of 3.4 (300 mg, 0.3 nunol) in ethyl acetate (10 mL) and methanol 
(10 mL) was treated with 10 % Pd/C (40 mg) and stuied under a hydrogen atmosphere 
(balloon) for 16 h. The catalyst was removed by filtration and the filtrate was concentrated 
under reduced pressure to yield 3.5 as a white powder. Hiis was used without further 
purification. 



Dibenayl ester 3.6 : A solution of 3.5 (0.1 nunol) in THF (5 mL) was treated with dibenzyl 
triflate 3.11 (90 mg, 0.2 mmol), and cesium carbonate (0.19 g, 03 mmol). The mixture was 
stkred at room temperature for 4 h and then concentrated under reduced pressure. The 
residue was partitioned between CH2CI2 and saturated brine. The organic phase was 
separated, dried over sodium sulfate, filtered and concentrated under reduced pressure. The 
residue was purified by silica gel eluting with 20-40% ethyl acetate in hexanes to afford 3.6 
(70mg,59%). NMR (CDCI3): 5 8,07 (d, IH), 7.20-7.43 (m, 16H), 7.02-7.15 (m, 8 H), 
6.80 (d, 2H), 5.07-5.18 (m, 4H), 5.03 (d, IH), 4.90 (d, IH), 4.20 (d, 2H), 3.74-3.78 (m, 4H), 
320 (d, IH), 3.05 (d, IH) 2.80-2.97 (m, 4H), 1.79 (s, 9H), 1.40 (s, 18H), 1.26 (s, 6H); ^^P 
NMR (CDCI3): 20.5 ppm. 



Phosphonic acid 3.7: A solution of dibenzylphosphonate 3.6 (30 mg) in EtOAc (1 0 mL) 
was treated with 10% Pd/C (10 mg) and the mixture was stirred under a hydrogen atmosphere 
(balloon) for 3 h. The catalyst was removed by filtration and the filtrate was concentrated 
under reduced pressure to afibrd phosphonic acid 3.7. This was used without fiirfher 
purification. 

Phospbonic acid 3.8: The crude phosphonic add 3.7 was dissolved in CHaCfc (2 mL) and 
treated with trifluoroacetic acid (0.4 mL). The resultant mixture was stirred at room 
temperature for 4 h. The mixture was concentrated under reduced pressure and then purified 
by preparative HPLC (35 % CH3CN/65 % H2O) to affoTd the phosphonic acid 3,8 (9.4 mg, 
55 %). NMR (CD3OD): 5 7.71 (s, IH), 7.60 (d, IH), 6.95-7.40 (m, 15H), 4.65 (d, 2H), 
4.17 (d, 2H), 3.50-3.70 (m, 3H), 3.42 (d, IH), 2.03-3.14 (m, 6H); ^^P NMR (CDCI3): 17.30 
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Dibenzylphosphonate 4.1: A solution of 3.6 (30 mg, 25 jimol) in CH2CI2 (2 mL) was 
treated with TFA (0,4 mL) and tiie resultant mixture was stirred at room temperature for 4 h. 
The mixture was concentrated under reduced pressure and the residue was purified by silica 
gel eluting with 50% ethyl acetate in hexanes to afford 4 J (5 mg, 24%). NMR (CDCI3): 8 
6.96-7.32 (m, 25H), 6.95 (d, 2H), 5.07-5.18 (m, 4H). 4.86 (d, IH), 4.7 5 (d, IH), 4.18 (d, 2H), 
3.40-3.62 (m, 4H), 3.25 (d, IH), 2.80-3.15 (m, 6H); NMR (CDCI3) 20.5 ppm; MS : 852 
(M + H), 874(M+Na). 



Seheme 5 





Diethylphosplionate S.1: A solution of phenol 3.5 (48 mg, 52 fimol) in THF (5 mL) was 
treated widi triflate 5.3 (50 mg, 165 pmol), and cesium carbonate (22 mg, 0.2 mmol). The 
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resultant mixture was stiired at room temperature for 5 h and then concentrated imder 
reduced pressure. The residue was partitioned between CH2CI2 and saturated hiine. The 
organic phase was separated, dried over sodium sul&te, filtered and concentrated under 
reduced pressure. The residue was purified by silica gel eluting with 7% methanol m CH2CI2 
to afford 5.1 (28 mg, 50 %). 'H NMR (CDCI3): 5 8,06 (d, IH), 7.30-7.43 (m, 7H), 7.02-7 JO 
(m, 7 H), 6.88 (d, 2H), 5.03 (d, IH), 4.90 (d, IH), 4,10"4.25 (m, 6H), 3.64-3.80 (m, 4H), 
3.20 (d, IH), 3.05 (d, IH) 2.80-2.97 (m, 4H), 1.79 (s, 9H), 1.20-1.50 (m, 30H); ^^PNMR 
(CDCI3): 18.5ppm;MS:1068(M + H),1090(M + Na). 

Diethylphosphonate 52: A solution of 5.1 (28 mg, 26 |xmol) b CH2CI2 (2 mL) was treated 
with TFA (0.4 mL) and the resultant mixture was stirred at room temperature for 4 hrs. The 
mixture was concentrated under reduced pressure and the residue was purified by silica gel to 
afford 5.2 (1 1 mg, 55 %). NMR (CDCI3 + 10 % CD3OD): 5 6.96-7.35 (m, 1 5H), 6.82 (d, 
2H), 4.86(d, IH), 4.75 (d, IH), 4.10-4.23 (M, 6H), 3.40-3.62 (m, 4H), 2.80-3.20 (mX 1.31 (t, 
6 H); ^^P NMR (CDCI3 + 10 % CD3OD): 19.80 ppm; MS : 728 (M + H). 



Scheme 6 
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3-Beitzyloaybenzyl urea 6.1 : The urea 3.1 (0.87 g, 1.7 mmol) was dissolved in DMF and 
treated with sodium hydride (60% dispersion, 239 mg, 6.0 nunol) followed by m- 
benzyloxybenzylhromide 6.9 (0.60 g, 2.15 mmol). The mixture was stirred for 5 h and then 
diluted with ethyl acetate. The solution was washed with water, brine, dried over magnesium 
sulfite, filtered and concentrated under reduced pressure. The residue was purified by silica 
gel eluting with 25% ethyl acetate in hexanes to afford urea 6.1 (0.9 g, 75%). 

Indazole 6.2: The urea 6.1 (41 mg, 59 junol) was dissolved in n-butanol (1.5 mL) and 
treated with hydrazine hydrate (100 |liL, 100 mmol). The mixture was refluxed for 2 h and 
then allowed to cool. The mixture was diluted with ethyl acetate, washed with 10% citric 
acid solution, brine, saturated NaHCOa, and finally brine again. The organic phase was dried 
over sodium sulfite, filtered and concentrated under reduced pressure to give the crude 
product 6.2 (35 mg, 83%). (Chem. Biol. 1998, 5, 597-608). 

Boc-indazole 63 : The indazole 6.2 (1.04 g, 1.47 mmol) was dissolved in CH2CI2 (20 mL) 
and treated with di4-butyl dicarbonate (1 .28 g, 5.9 mmol), DMAP (0. 1 8 g, 1 .9 mmol) and 
DIPEA (1 .02 ml, 9.9 mmol). The mixture was stirred for 3 h and then diluted with ethyl 
acetate. The solution was washed with 5% citric add solution, NaHCOj, biine, dried over 
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magnesium sulfate, filtered and concentrated under reduced pressure. The residue was 
purified by silica gel eluting with 50% ethyl acetate in hexanes to give 63 (0.71 g, 49%). 

Phenol 6A : Compound 6.3 (20 mg, 0.021 mmol) was dissolved in MeOH (1 mL) and 
i EtOAc (1 inL) and treated with 1 0% Pd/ C catalyst (5 mg). The mixture was stirred under a 
hydrogen atmosphere (balloon) until completion. The catalyst was removed by filtration and 
the filtrate concentrated under reduced pressure to affoid compoimd 6.4 (1 9 mg, 100%). 

Dibenzyl phosphonate 6.5: A solution of compound 6.4 (0.34 g, 0.37 mmol) in acetonitrile 
(5 mL) was treated with C^CCh (0.36 g, 1.1 mmol) and triflate 3.11 (0.18 mL, 0.52 mmol). 
The reaction mixture was stored for 1 h. The reaction mixture was filtered and the filtrate 
was then concentrated under reduced pressure. The residue was re-dissolved in EtOAc, 
washed with water, saturated NaHCOa, and finally brine, dried over MgS04, filtered and 
concentrated under reduced pressure. The residue was purified by silica gel eluting with 
hexane: EtOAc (1:1) to afford compound 6.5 (0.32 g, 73%). 

Phosphonic acid 6.6: Compound 6.5 (208 mg, 0.174 mmol) was treated in the same manner 
as benzyl phosphonate 3.6 in the preparation of phosphonate diacid 3.7, except MeOH was 
used as the solvent, to afford compound 6.6 (166 mg, 94%). 

Phosphonic add 6.7: Compound 6.6 (89 mg, 0.088 namol) was treated according to the 
conditions described in Scheme 3 for the conversion of 3.7 into 3.8. The residue was purified 
by preparative HPLC eluting with a gradient of 90% methanol in 100 mM TEA bicarbonate 
buffer and 1 00% TEA bicarbonate buffw to afford phosphonic acid 6.7 (1 6 mg, 27%) 

Bisamidate 6.8 : Triphenylphosphme (1 12 mg, 0.43 mmol) and aldrithiol-2 (95 mg, 0.43 
mmol) were mixed in dry pyridine (0.5 mL). In an adjacent flask the diacid 6.7 (48 mg, 0.71 
mmol) was suspended m dry pyridine (0.5 mL) and treated with DP EA (0.075 mL 0.43 
mmol) and L-AlaButyl ester hydrochloride (78 mg, 0.43 mmol) and finally the 
triphenylphosphine, aldrithiol-2 mixture. The reaction mixture was stirred under nitrogen for 
24 h then concentrated under reduced pressure. The residue was purified by preparative 
HPLC eluting with a gradi^t of 5% to 95% acetonitrile in water. The product obtained was 
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then fiirther purified by silica gel eluting with CH2CI2 : MeOH (9: 1) to give compoimd 6.8 (9 
mg,14%). 
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7.1 7.2 



Diethyl phosphonate 7.1 : Compound 6.4 (164 mg, 0.179 mmol) was treated according to 
the procedure used to generate compound 6.5 except triflate 53 was used in place of triflate 
3.11 to afford compound 7.1 (142 mg, 74%). 

Diethylphosphonate 7J2 : Compound 7.1 (57 mg, 0.053 mmol) was treated according to the 
conditions used to form 6.7 from 6.6. The residue formed was purified by silica gel eluting 
with CH2CI2 : MeOH (9:1) to afford compound 7.2 (13 mg, 33%). 

Schemes 




Diphenylphosphonate 8.1: A solution of 6.6 (0.67g, 0.66 mmol) in pyridine (10 mL) was 
treated with phenol (0.62 g, 6.6 mmol) and DCC (0.82 mg, 3.9 mmol). The resultant mixture 
was stirred at room temperature for 5 min and then the solution was heated at 70°C for 3 h. 
The mixture was allowed to cool to room temperature and then diluted with EtOAc and water 
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(2 mL). The resultant mixture was stirred at room temperature for 30 min and then 
concentrated under reduced pressure. The residue was triturated with CH2CI2, and the white 
solid that formed was removed by filtration. The filtrate was concentrated under reduced 
pressure and the resultant residue was purified by silica gel eluting with 30% ethyl acetate in 
hexanes to yield 8.1 (0.5 g, 55 %). NMR (CDCI3): 5 8,08 (d, IH), 7.41 (d, IH), 7.05-735 
(m, 22H), 6.85 (d, 2H), 6.70 (s, IH). 5.19 (d, IH), 5.10 (d, IH), 4.70 (d, 2H), 3.70-3.90 (m, 
4H), 3.20 (d, IH), 3.11 (d, IHX 2.80-2.97 (m, 4H), 1.79 (s. 9H), L40 (s, 18H), 130 (s, 6H); 
^^P NMR (CDCI3): 12.43 ppm 

Diphenylphosphonate 8.2 : A solution of 8.1 (0.5 g, 0.42 nmiol) in CH2CI2 (4 mL) was 
treated with TF A ( 1 mL) and the resultant mixture was stirred at room temperature for 4 h. 
The reaction mixture was concentrated \mder reduced pressure and azeotroped twice with 
CH3CN. The residue was purified by silica gel eluting with 5% methanol in CHaCii to afford 
diphenylpbosphonate 8.2 (025 g, 71 %). ^H NMR (CDCI3): 5 7.03-7.40 (m, 21H), 6.81-6.90 
(m, 3H), 4.96 (d, IH), 4.90 (d, IH) 4.60-4.70 (m, 2H), 3.43-3.57 (m, 4H), 3.20 (d, IH), 2.80- 
2.97 (m, 5H); ^^P NMR (CDCU): 12.13 ppm; MS : 824 (M + H). 

Monophenol 83 : The monophenol 83 (124 mg, 68 %) was prepared 60m the diphenol 8.2 
by treating with IN NaOH in acetonitrile at 0**C. 

Monoamidate 8.4 : To a pyridine solution (0.5 mL) of 8 J (40 mg, 53 (unci), n-butyl 
amidate HCl salt (116 mg, 640 ^ol), and DIPEA (83 mg, 640 pmol) was added a pyridine 
solution (0.5 mL) of trqdienyl phosphine (140 mg, 640 |imol), and aldrithioI-2 (120 mg, 640 
(unci). The resulting solution ivas stiired at 65*'C overnight, waAxd up, and purified by 
preparative TLC twice to give 8.4 (1.8 mg). 8 4.96 (d, IH), 4.90 (d, IH) 4.30-4.6 (m, 2H), 
3.9-42 (m, 2H), 3.6-3.70 (m, 4H). 3.2-3 J (d, IH), 2.80-3. 1 (m, 4H); MS: 875 (M + H) & 
897(M+Na) 
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9.1 

Monolactate 9.1: The monolactate 9.1 is prepared from 83 using the conditioiis descaibed 
above for the preparation of the monoamidate 8.4 except n-butyl lactate was used in place of 
n-butyl amidate HCl salt 

Scheme 10 



6.5 




10.2 



Dibenzylphosphonate 10.1: Compound 6.5 (16 mg, 0.014 mmol) was dissolved in CH2CI2 
(2 mL) and cooled to O^C. TFA (1 mL) was added and the reaction mixture was stirred for 
0.5 h. The mixture was then allowed to warm to room temperature for 2 h. The reaction 
mixture was concentrated under reduced pressure and azeotroped with toluene. The residue 
was purified by silica gel cluting with CH2CI2 : MeOH (9:1) to afford compound 10.1 (4 mg, 
32%). 
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bopropylaminoindazolemi: Compound 10.1 (30 m& 0.35 nnnol) was treated with 
acetone according to the method of Henke et al (J. Med Chem. 40 17 (1997) 2706-2725) to 
yield 10.2 as a crude residue. The residue was purified by siUca gel eluting with CH2CI2 : 
MeOH (93:7) to afford compound 10.2 (3.4 mg, 10%). 
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Benzyl ether 11.1: A DMF solution (5 mL) of 3.1 (0.98 g, 1 .96 mmol) was treated with NaH 
(0.24 g of 60 % oil dispersion, 6 mmol) for 30 min, followed by the addition of sodhim 
iodide (0.3 & 2 mmol), and benzoxypropyl bromide (0.55 g, 2.4 mmol). After the reaction 
for 3 h at room temperature, the reaction mixture was partitioned between me&ylene chloride 
and saturated NaCl, dried, and purified to give lU (0.62 g, 49 %). 



Aminoindazole 11.2: A n-butanol solution (10 mL) of 11.1 (0.6 g, 0.92 mmol) and 
hydrazine hydrate (0.93 g, 15.5 mmol) was heated at reflux for 4 h. The reaction mixture was 
concentrated under reduced pressure to give crude 11.2 (~0.6 g). 
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T]>BOC*Ami]io]iidazole 113: A methyleoe chloride solution (10 mL) of crude 11.2, 
DIPEA (0.36 g, 2.8 mmol), (BOQzO (0.73 g, 3.3 mmol), and DMAP (0.34 g, 2.8 mmol) was 
stilted for 5 h at room temperature, partitioned between methylene chloride and 5 % citric 
acid solution, dried, purified by silica gel column chomatography to give 11.3 (0.51 g, 58 %, 
2 steps). 

3-Hydroqrpropyl cycKc urea 11.4: An ethyl acetate/ethanol solution (30 mL/5 mL) of 113 
(0.5 g, 0.52 mmol) was hydrogenated at 1 atm in the presence of 10 % Pd/C (0.2 g) for 4 h. 
Ihe catalyst was removed by filtration. The filtrate was tiien concentrated under reduced 
pressure to afTord crude 11.4 (0.44 g, 98 %). 

Dibenzyl phosphonate 11.5: A THF solution (3 mL) of 11.4 (0.5 g, 0.57 mmol) and triflate 
dibenzyl phosphonate 3.11 (0.37 g, 0.86 mmol) was cooled to ~3''C, followed by addition of 
n-BuLi (0.7 mL of 2.5 M hexane solution, 1 .7 mmol). After 2 h reaction, the reaction 
mixture was partitioned between methylene chloride and saturated NaCl solution, 
concentrated under reduced pressure. The residue was redissolved m methylene chloride (10 
mL), and reacted with (B0C)20 (0.15 g, 0.7 mmol) in the presence of DMAP (0,1 8 g, 0-57 
mmol), DIPEA (0.1 8 g, 1 .38 mmol) for 2 h at room temperature. The reaction mixture was 
woilced up, and purified by silica gel chromatography to give 11.5 (0.25 g, 43 %). 

Phosphonic diacid 11.7: An ethyl acetate solution (2 mL) of 113A (11 mg, 10.5 \uno\) was 
hydrogttiated at 1 atm m the presence of 10% Pd/C (10 mg) for 6 h. The catalyst was 
removed by filtration, and the filtrate was concentrated under reduced pressure to give crude 
11.6. The crude 11.6 was redissolved in methylene chloride (1 mL) and treated with TFA 
(0.2 mL) for 4 h at room temperature. The reaction mixture was concentrated under reduced 
IMressure and purified by HPLC to give 11.7 (2 mg, 30%). 

NMR (CD3OD): 6 7.1-7.3 (m, IIH), 7.0-7.1 (d, 2H), 4.95 (d, IH), 3.95-4.1 (d, IH), 2.9 -3.3 
(m, 4H), 2.3-2.45 (m, IH), 1.6-1.8 (m, 2H). P NMR (CD30D):15.5 ppm. MS: 624 (M + 1). 

Diphenyl phosphonate 11.8: A pyridme solution (1 mL) of 11.6 (0.23 g, 0.23 mmol), 
phenol (0.27 g, 2.8 mmol), and DCC (0.3 g, 1.4 mmol) was stirred for 5 min. at room 
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temperature, then reacted at 70°C for 3 h. TTie reaction mixture was cooled to room 
temperature, concentrated under reduced pressure, and purified by silica gel column 
chromatograph to afiford 11.8 (0.1 Ig, 41 %). 

Monophenyl phosphonate 11.9: An acetonitrile solution (2 mL) of 11.8 (0,12 g, 0.107 
mmol) at O^C was treated with IN sodium hydroxide aqueous solution (0.2 mL) for L5 k, 
then acidified with Dowex (50wx8-200, 120 mg). The Dowex was removed by filtration, and 
the filtrate was concentrated under reduced pressure. The residue was triturated with 10 % 
EtOAc/90 % hexane twice to afford 11.9 (90 mg, 76 %) as a white solid . 

Mono-ethyl lactate phosphonate 11.10: A pyridine sohition (03 mL) of 11.9 (33 mg, 30 
pmol). ethyl lactate (41 mg, 340 pmol), and DCC (31 mg, 146 nmol) was stirred at room 
temperature for 5 min, then reacted at yO^'C for 1.5 k The reaction mixture was concentrated 
under reduced pressure, partitioned between methylene chloride and saturated NaQ solution, 
and purified by silica gel chromatography to give 11.10 (18 mg, 50 %). 

Ethyl lactate phosphonate 11.11: A methylene chloride solution (0.8 mL) of 11.10 (18 mg, 
15.8 nmol) was treated with TFA (02 mL) for 4 h, and ihea concentrated under reduced 
pressure. TTie residue was purified by preparative TLC to give 11.11 (6 mg, 50 %). NMR 
(CDClj + -10 %CD30D): 5 7.0-73 (m, 16 H), 6.8-7.0 (m, 2H), 4.9-5.0 (m, IH). 4.75 (d, 
IH), 4.1-4.2 (m, 2H). 3.5-4.0 (m, lOHX 2.18-2.3. (m, IH), 1.6-1.7 (m, 1), 1.47 & 1.41 (2d. 
3H), 1.22 (t, 3H). PNMR (CDClj + -10 %CD30D): 19.72 & 17.86 ppm. 

Diethyl phosphonate 11.13: Compound 11.13 (6 mg) was prepared as described above in 
Schone 5 fiom 11.4 (30 mg, 34 pmol) and triflate phosphonate S3 (52 mg, 172 funol), 
followed by TFA treatment. NMR (CDCI3 + -10 %CD30D): 8 7.1-732 (m, 11 H), 6.9-7.0 
(d. 2H), 4.75 (d, IH), 4.1-4.2 (2q, 4H), 3.84-3.9 (m, IH), 3.4-3.8 (m, 8H), 2.7-3.1 (m, 4H), 
2.1-2.5 (m, IH), 1.5-1.7 (m, 2H), 1.25-1.35 (2t, 6H). P NMR (CDCI3 + -10 "/oCDsOD): 
21.63 ppm. MS: 680 (M + 1). 
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Bntyl lactate phosphonate 12.2: A pyridine solution (0.3 mL) of 11.9 (27 mg, 22 pmol), 
bulyl lactate (31 mg, 265 pmol), and DCC (28 mg, 132 |jmol) was stirred at room 
temperature for 5 min, then reacted at 70°C for 1.5 h. The reaction mixture was concentrated 
under reduced pressure, partitioned between methylene chloride and saturated NaCl solution, 
and purified by prq>aiative TLC to give 12.1 (12 m^. A methylene chloride solution (0.8 
mL) of 12.1 (12 mg) was treated with TFA (0.2 mL) for 4 h, concentrate. The residue was 
purified preparative TLC to give 12.2 (3 mg, 16 %). NMR (CDCI3 + ~10 %CD30D): 8 
6.8-7-4 (m, 18H), 6.4-6.6 (m), 4.9-5.05 (m, IH), 4.75 (d, IH), 4.1-4.2 (m, 2H). 3.5-4.0 (m, 
lOH), 3.1-3.25 (m, 2H), 2.2-2J5 (m, IH), 1.8-1.9 (m, IH), 1.4 & 1.8 (m, 7H), 1.22 (t, 3H). P 
MMR (CDCI3 + -10 %CD30D): 19.69 & 17.86 ppm. 
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Scheme 13 




13.6 



Benzyl ether 13.1: A DMF solution (5 niL) of 3.1 (1 g, 2 mmol) was teated with NaH (0.24 
g of 60% oil dispersion, 6 mmol) for 30 man, followed by the addition of sodium iodide (0.3 
g, 2 mmol),and benzoxybutyl bromide (0.58 g, 2.4 mmol). After the reaction for 5 h at room 
temperature, the reaction mixture was partitioned between methylene chloride and saturated 
NaCl, dried, and purified to give 13J (0.58 g, 44 %). 

Aminoindazole 132: A n-butanol solution (10 mL) of 11,1 (0.58 g, 0.87 mmol) and 
hydrazine hydrate (0.88 g, 17.5 mmol) was heated at reflux for 4 h. The reaction mixture was 
concentrated under reduced pressure to give crude 13.2 (0.56 g). 
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Tri-BOC-aminoindazoIe 13 J: A methylene chloride solution (10 mL) of 13^ (0.55 g, 0.82 
mmol), DIPEA (0.42 g, 32 mmol), (BOQzO (0.71 g, 3J2 mmol), and DMAP (0.3 g, 2.4 
mmol) was stiired for 4 h at room temperature, partitioned between metbylene chloride and 
5% citric acid solution, dried, purified by silica gel chromatography to give 13.3 (0.56 g, 71 
%, 2 steps). 

3-Hydro3^ntyl eycUc urea 13.4: An ethyl acetate/methanol solution (30 mL/5 mL) of 11.3 
(0.55 g, 0.56 mmol) was hydrogenated at 1 atm in the presence of 10% Pd/C (0.2 g) for 3 h. 
The catalyst was removed by filtration* The filtrate was concentrated under reduced pressure 
to aiBford crude 13-4 (0.5 g, 98 %). 

Diethyl phosphonate 13.6: A THF solution (1 mL) of 13.4 (5 mg, 56 pmol) and triflate 
diethyl phosphonate 53 (30 mg, 100 pmol) was cooled to -3°C, followed by addition of n- 
BuLi (80 nl of 2.5 M hexane solution, 200 pmol). After 2 h reaction, the reaction mixture 
was partitioned betwera methylene chloride and saturated NaCl solution, concentrated under 
reduced pressure to give crude 13.5. The residue was dissolved in methylene chloride (0.8 
mL) and treated with TFA (0.2 mL) for 4 h. concentrated under reduced pressure, and 
purified by HPLC to give 13.6 (8 mg, 21%). NMR (CDCI3): 5 7.1-7.4 (m, 1 IH), 7.0-7.1 (m, 
2H) 4.81 (d, IH), 4.M.25 (m, 4H). 3.85-3.95 (m, IH), 3.4-3.8 (m, 7H), 3.3-3.4 (m, IH), 2.8 - 
3.25(m,5H), 2.0-2.15 (m, IH), 1.3- 1.85 (m, 1 OH). P NMR (CDCia): 21.45 ppm. 
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Phosphonic diacid 13.8: Compoond 13.8 (4.S mg) was prepared from 13.4 as described 
above for the preparation of 11.7 firan 11.4 (Scheme 11), NMR (CD3OD): 5 7.4 J (s, IH), 
7.1-7.4 (m, lOH), 6.9-7.0 (m, 2H) 4.75 (d, IH), 3.8-4.0 (m, IH). 3.4-3.8 (m, 8H), 2.8 -3.25 
(m. 5H), 2.1-2.25 (m, IH), 1.6-1.85 (m, 4H). MS: 638 (M+ 1). 
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t-Batyl ester 14.1:: A DMF solution (3 mL) of 3.1 (0.5 g, 1 nunol) was treated wift NaH (80 
mg of 60% oil dispersioii, 2 mmol) for 1 0 min, followed by the addition of 14.5 (0.25 g, 1 . 1 
nunol). After Ihe reaction for 1 h at room temperature, the reaction mixture was partitioned 
between methylene chloride and saturated NaCI, dried, and purified to give 14.1 (0.4 g, 59%). 



Aminoindazole demative 143: A methylene chloride solution (5 mL) of 14.1 (0.4 g, 0.58 
mmol) was treated with TFA (1 mL) at room temperature for 1 .5 h, and then concenHated 
under reduced pressure to give crude 142. The crude 14.2 was dissolved in i^BuOH (5 mL) 
and reacted with hydrazine hydrate (0.58 g, 11.6 mmol) at reflux for 5 h. The reaction 
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mixture was concentrated under reduced pressure and purified by silica gel chromatography 
to give the desired product 14.3 (0.37 g, quantitative yield). 

• < • 

Diethylphosphonate ester 14.4: A methylene chloride solution (3 mL) of 143 (23 mg, 38 
(unol) was reacted with aminopropyl-diethylphosphonate 14.6 (58 mg, 190 \uno]\ DIPEA 
(50 mg, 380 limol), and ByBOP (21 mg, 48 pmol) at room temperature for 2 h, and then 
concentrated under reduced pressure. The residue was triturated with methylene 
chlbride/hexane. The solid was purified by preparative TLC to give 14.4 (9 mg, 34 %). NMR 
(CDCI3 + -10 %CD30): 5 7.87 (t, IH), 7,61 (b, IH), 7.51 (s, IH), 7.14-7.2 (m, 10 H), 6.93- 
7.0 (m, 4H), 4 J9 (d, 2H), 3.99-4.04 (m, 4H), 3.38-3.65 (m, 6H), 2.60-3.2 (m, 6 H), 1.70-1.87 
(m, 4H), 1.25 (t, 6H). P NMR (CDCI3 + -10 %CD30D); 32.7 ppm. 

Diethylphosphonate ester 14.5: A raefliylene chloride solution (2 mL) of 143 (13 mg, 21 
fimol) was reacted with aminoethyl-diethylphosphonate oxalate 14.7 (23mg, 85 fimol), 
DIPEA (22 mg, 170 pmol), and ByBOP (12 mg, 25 ^imol) at room temperature for 2 h, and 
then concentrated under reduced pressure. The residue was triturated with methylene 
chloride/hexane. The solid was purified by preparative TLC to give 14.5 (5mg, 30%). Ms: 
783 (M + 1). NMR (CDCI3 -f -10 %CD30): 5 7.88 (b, IH), 7.58 (b, IH), 7.49 (s, IH), 7.14- 
7.2 (m, 10 H), 6.90-7.0 (m, 4H), 4.75 (d, 2H), 3,90-4.04 (m, 4H), 2.50-3.3 (m. 6 H), 1.97- 
2.08 (m, 2H). P NMR (CDCI3 + --10 %CD30D): 30.12 ppm. 
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Monophenol-ethyl lactate phosphonate prodrag 15.1: A methylene chloride^MF 
solution (2 mL/0.5 mL) of 14.3 (30 mg, 49 nmol) was reacted with aminopropyl-phenol-ethyl 
lactate phosphonate 15.5 (100 mg. 233 Mmol), DIPEA (64 mg, 495 pmoIX and BOP reagent 
(45 mg, 1 00 limol) at room temperature for 2 h, and then concentrated under reduced 
pressure. The residue was triturated with methylene chloiide/hexane. The solid was purified 
by silica gel chromatography to give 15.1 (28 mg, 64 %). NMR (CDClj + -10 '/oCDjO): 5 
7.83 (b. IH), 7.59 (b, IH), 7.51 (s. IH). 7.14-7.2 (m, 11 H), 6.90-7.0 (m, 4H), 4.75-4.87 (d + 
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q, 3H), 4.10 (q, 2H), 3.3-3.61 (m, 6H), 2.60-3.2 (m, 6H), 1.92-2.12 (m, 4H), 130 (d, 3H), 
1.18 (t, 3H). PNMR(CDCl3 +--10 %CD30D): 30.71 ppm. MS: 903 (M+ 1). 

Pbenol-ethyl alanine phosphonafe prodrug 15,2: A methylene chloride/DMF solution (2 
mL/0.5 mL) of 14.3 (30 mg, 49 jimol) was reacted with aminopropyl-phenol-efhyl alanine 
phosphonate 15.6 (80 mg TFA salt, 186 junol), DBPEA (64 mg, 500 jimol), and BOP reagent 
(45 mg, 1 00 imo\) at room temperature for 2 h, and then concentrated under reduced 
pressure. The residue was triturated with methylene chlorida/hexane. The soUd was purified 
by preparative TLC to give 15.2 (12 mg, 27 %). NMR (CDCh + -10 %CD30): 5 7.91 (b, 
IH), 7.61 (b, IH), 7.52 (s, IH), 7.14-7.2 (m, 11 H), 6.90-7.0 (m, 4H), 4.75 (d, 2H), 3.82-4.1 
(2q, 3H), 3.4-3.65 (m, 6H), 2.60-3.15 (m, 6H), 1.8-2.0 (m, 4H), 1 J (d, 3H). P NMR (CDCI3 
+ --10 %CD30D): 32.98 & 33.38 ppm. MS: 902 (M + 1). 

Dibenzyl phosphonate 153; A methylene chloride/DMF solution (2 mL/0.5 mL) of 143 
(30 mg, 49 imol) was reacted with aminopropyl dibenzyl phosphonate 15.7 (86 mg TFA 
salt, 200 fimol), DIPEA (64 mg, 500 jmiol), and BOP reagent (45 mg, 100 |imiol) at room 
temperature for 2 h, and then concentrated under reduced pressure. The residue was 
triturated with methylene chloride/hexane. The solid was purified by preparative TLC to give 
153 (20 mg, 44%). NMR (CDCI3 + -S'/oCDjO): 5 7.50-7.58 (m, 2H), 7.14-7.3 (m, 21 H), 
6.90-7.0 (m, 4H), 4.7-5.1 (m, 6H), 3.6-3.8 (m, 4H), 3.3-3.55 (m, 2H), 2.60-3.15 (m, 6H), 1.8- 
2.0 (m, 4H). P NMR (CDCI3 + ~5 %CDiOD): 33.7 ppm. MS: 907 (M + 1). 

Pbosphonic diadd 1S.4: An ethanol solution (5 mL) of 153 (17 mg, 18.7 \mol) was 
hydrogenated at 1 atm in the presence of 10 % Pd/C far 4 h. The catalyst was removed by 
filtration, and the filtrate was concentrated under reduced pressure to give the desired product 
1S.4 (12 mg, 85%). NMR (CD3O + 20%CDCl3): 5 7.88 (b, IH), 7.59 (b, IH), 7.6 (s. IH), 
7.1-7.25 (m, 10 H), 6.90-7.1 (m, 4H), 4.8 (d, 2H + water peak), 3.6-3.8 (m, 4H), 3.4-3.5 (m, 
2H), 1.85-2.0 (m,4H). 
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Monobewl derivative 16.1: A DMF solution (4 mL) of 1.1 (0.8 g, 2.2 mmol) was treated 
witb NaH (0.18 g of 60% oil dispeision, 4.4 mmol) for 10 min at room temperature followed 
by the addition of 14.5 (0.5 g, 2.2 mmol). The resulting solution was reacted at room 
temperature for 2 h, worked up, and then purified to afford 16.1 (0.48 g, 40%). 



3-Nitroben^i cydic orea derivative 16.2: A DMF solution (0.5 mL) of 16.1 (65 mg, 1 17 
Mmol) was treated with NaH (15 mg of 60% oil dispersion, 375 pmol) for 10 min at room 
temperature, followed by the addition of S-nitrobenzyl bromide (33 mg, 152 nmol). Ttie 
resulting solution was reacted at room tanperahire for 1 h, worked up, and purified by 
jtteparative TLC to afford 16.2 (66 mg, 82%). 



Diol 163: A methylene chloride solution (2 mL) of 16.2 (46 mg, 61 ^unol) was treated with 
TFA (0.4 mL) for 2 h at room temperature, and then concentrated under reduced pressure to 
afford 163, This material was used without further purification. 
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3-Ammobeiizyl cyclic urea 16.4: An ethyl acetate/ethanol (5 mL/l mL) solution of 163 
(crude) was hydrogenated at 1 atm in the presence of 10% Pd/C for 2 L The catalyst was 
removed by fHtration. The fillrate was concentrated under reduced pressure, and purified by 
preparative TLC to afford 16.4 (26 mg, 70%, 2 steps). 

Diethyl phosphonate 16.5: A methylene chloride/DMF solution (2 mL/O.S mL) of 16.4 (24 
mg, 42 pmol) was reacted with aminopropyl-diethylphosphonate ester TFA salt 14*6 (39 mg, 
127 pmol), DIPEA (27 mg, 210 pmol), and BOP reagent (28 mg, 63 ymol) at room 
temperature for 2 h, and then concentrated under reduced pressure. The residue was purified 
by preparative TLC to give 16.5 (20.7 m& 63 %). NMR (CDCI3 + -^10 %CD30): 5 7.62 (b, 
IH), 7.51 (s, IH), 7.0-7.35 (m, 12 H), 6.95 (d, 2H), 6.85 (d, 2H), 4.6-4.71 (2d, 2H), 3.95^.1 
(m, 4H). 3.3-3.55 (m, 3H), 2.60-2.8 (m, 2H), 2.95-.3. 15 (m, 4 H), 1.85-2.0 (m, 4H), 1.25 (t, 
6H). P NMR {CDCI3 + --10 %CD30D): 32.65 ppm. 
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p-Benzoxybenzyl cycBc area derivative 17.1: A DMF solution (0.5 mL) of 16.1 (65 mg, 
117 imol) Was treated with NaH (15 mg of 60% oil dispereion. 375 Mmol) for 10 min at rwm 
temperature, followed by the addition of 4-benzoxy benzyl chloride 3.10 (35 mg. |imoI). The 
resulting solution was stined for 2 h at room temperature. The reaction mixture was 
concentrated under reduced pressure, purified by preparative TLC to generate 17.1 (62 mg. 



Diethyl phosphonate 173: A methylene chloride solution (2 mL) of 17.1 (46 mg. 61 pmol) 
was treated with TFA (0.4 mL) for 2 h at room temperature, and then concentmted under 
reduced pressure to give crude 17.2. An ethyl acetate/cthanol solution (3 mL/2 mL) of the 
crude 17.2 was then hydrogenated at 1 atm m the presence of 10% Pd/C (10 mg) for 5 h at 
room temperature. The catalyst was removed by filtration. The iatrate was concentrated 
under reduced pressure to afiBoad 173 (crude). 
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Diethyl phosphonate cyclic urea 17*4: A me&ylene chlaride/DMF solution (2 mL/0.5 mL) 
of 17.3 (25 mg, 42 jimol) was reacted with aminopropyl-diethylphosphonate ester TFA salt 
14.6 (40 mg, 127 timol), DBPEA (27 mg, 210 ^mol), and BOP reagent (28 mg, 63 nmol) at 
room temperature for 2 h, and then concentrated under reduced pressure. The residue was 
purified by preparative TLC to give 17.4 (14.6 mg, 44 %), NMR (CDCI3 + -10 %CD30): 8 
7.82 (t), 7,62 (d, IH), 7.51 (s, IH), 7.05-7.35 (m, 10 H), 6.8-6.95 (2d, 4H), 6.85 (d, 2H), 4.8 
(d, IH), 4.65 (d, IH), 3.95-4.1 (m, 4H). 3.4-3.75 (m, 6H), 2.60-3.2 (m), 1.85-2.0 (m, 4H), 
1.25 (t, 6H). P NMR (CDCI3 + --10 yoCDaOD): 32.72 ppm. 



Scheme 18 
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O 




Dibenzyl derivative 18.1: A DMF solution (3 mL) of compound 2*8 (0.4 g, 0.78 mmol) was 
reacted with 60%NaH (0.13 g, 1.96 mmol), 4-benzoxy benzylchloride 3.10 (0.46 g, 1.96 
mmol) and sodium iodide (60 mg, 0.39 mmol) at room temperature for 4 h. The reaction 
mixture was partitioned between methylene chloride and saturated NaHCOa solution. The 
organic phase was isolated, dried over Na2S04, concentrated under reduced pressure^ and 
pudGed by silica gel chromatography to give the desired product 18.1 (0.S7 g, 81%). 

Diol derivative 18^ and diphenol derivative 20.1: A methylene chloride solution (4 mL) 
of 18.1 (0.S7 g» 0.63 mmol) was treated with TFA (1 mL) at room temperature for 20 min, 
concentrated under reduced pressure, and purified by silica gel chromatography to give diol 
derivative 18.2 (133 mg, 28 %) and diphenol derivative 20.1 (288 mg. 57.6%). 

Monopbosphonate derivative 183: A THF solution (10 mL) of 18.2 (130 mg, 0.17 mmol) 
was stirred with cesium carbonate (70 mg, 0.21 mmol) and diethylphosphonate triflate 53 
(52 mg, , 0.17 mmol) at room temperature for 4 k. The reaction mixture was concentrated 
under reduced pressure and purified to give 18.3 (64 mg, 41 %), and recovered 18.2 (25 mg, 
19%). 

Methoxy derivative 18.4: A THF solution (2 mL) of 183 (28 mg, 25 ^mol) was treated 
vnih cesium carbonate (25 mg, 76 jimol) and iodomethane (10 eq. Excess) at room 
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temperature for 5 h. The reaction mixture was concentrated under reduced pressure and 
partitioned between methylene chloride and saturated NaHCOs. The organic phase was 
separated, concentrated under reduced pressure and the residue purified by preparative TLC 
to afford 18.4 (22 mg, 78%). 

Diethylphosphonate 18.5 : An ethyl acetate/ethanol (2 mL/2 mL) solution of 18.4 (22 mg, 
24 iimoY) was hydrogenated at 1 atm in the presence of 10% Pd/C for 3 L The catalyst was 
removed by filtration, die filtrate was concentrated under reduced pressure to give the desired 
product 18.5 (18 mg, quantitative). NMR (CDCfe + --10 %CD30): 8 6.7-7.0 (m, 12 H), 6.62- 
6.69 (m, 4H), 4.65 (d, IH), 4.50 (d, IH), 4.18^.3 (m, 6H). 3.75 (s, 3H), 3.3-3.4 (m, 4H), 2.8- 
3.0(m,6H), 130(t,6H).PNMR(CDa3 + -10%CD3OD):20.16ppm. 

Scheme 19 
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Diethyl phosphonate 19 J: An ethyl ac^e/ethanol (2 mL/I mL) solution of 18.3 (14 mg, 
1 5.5 pmol) was hydrogenated at 1 atm in the presence of 10% Pd/C (5 mg) for 3 h. The 
catalyst was then removed by filtration, and the filtrate was amcentrated under reduced 
pressure to give the desired product 19.1 (10 mg, 90%). NMR (CDCI3 + -15 %CD30): 6 6.6- 
7.0 (m, 16 H), 4J-4.65 (2d, 2H), 4.1-4.3 (m, 6H). 2.7-3.0 (m, 6H), 1.29 (t, 6H). P NMR 
(CDCI3 + -15 %CD30D): 20.12 ppm. 
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Monophosphonate 20.2: A THF solution (8 mL) of 20.1 (280 mg, 0.36 mmol) was stirred 
with cesium carbonate (140 mg, 0.43 mmol) and diethylphosphonate triflate 53 (110 mg, 
0.36 mmol) at room temperature for 4 h.. The reaction mixture was concentrated under 
reduced pressure and purified to give 20,2 (130mg, 39%), and recovered 20.1 (76 mg, 27%). 



Triflate derivative 203: A THF solution (6 mL) of 20 J (130 mg, 0.13 mmol) was stirred 
with cesium carbonate (67 mg, 0.21 mmol) and N-phenyltrifluoromefhane-sulfonimide 
(6Qmg, 0.17 mmol) at room temperature for 4 h. The reaction mixture was concentrated 
under reduced pressure and purified to give 203 (125 mg, 84%). 

Benzyl ^er 20.4: To a DMF solution (2 mL) of Pd(0Ac)2 (60 mg, 267 ^unol), and dppp 
(1 05 mg. 254 ^unol) was added 20.3 (120 mg, 1 1 1 |jmol) under nitrogen, followed by the 
addition of triethylsilane (0.3 mL). The resulting solution was stirred at room temperature for 
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4 ften concentrated imder reduced pressure, 
chromatography to afford 20.4 (94 mg, 92%). 



PCT/EP2003/012423 

The residue was purified by silica gel 



Diethyl phosphonate 20.6: An ethyl acetate/ethanol (2 nxU2 mL) solution of 20.4 (28 mg, 
30 ^mol) was hydrogenated at 1 atm in the presence of 10% Pd/C (S mg) for 3 h. The 
catalyst vfas removed by filtration, and the filtrate was concentrated under reduced pressure 
to give the desired product 20^. The crude product 20. 5 was redissolved in mdhylene 
chloride (2 mL) and treated with TFA (0.4 mL) and a drop of water. After 1 h sthxing at 
room tempmture, the reaction mixture was concentrated under reduced pressure, and 
purified by preparative TLC plate to give 20.6 (18 mg, 85 %, 2 stepsX 5 6.6-73 (m, 17 H), 
4.65 (d, IH), 4.58 (d, IH), 4.18-4.3 (m, 6H), 3.3-3.5 (m, 4H), 2.8-3.1 (m), 1.34 (t, 6H). P 
NMR (CDCI3 + -10 %CD30D): 20.16 ppm. MS: 705 (M + 1). 
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Bis-(3-ii»robeiuyI) derivative 21.1: A DMF solution (2 mL) of compound 2.8 (0.3 g, 0.59 
mmol) was reacted with 60%NaH (0.07 g, 1 .76 mmol), S-nitrobenzyl bromide (0.38 g, 1 .76 
ol) and sodium iodide (60 mg, 0.39 mmol) at room temperature for 3 h. The reaction 
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mixture was pardticmcd between methylene chloride and saturated NaHCOa solution. The 
organic phase was isolated, dried over Na2S04, concentrated under reduced pressure, and 
purified by silica gel chromatography to give the desired product 2L1 (0.37 g, 82%). 

Diphenol derivative 21.2: A methylene chloride solution (4 mL) of 21.1 (037 g, 0.47 
mmol) was treated with TFA (1 mL) at room tempaatute for 3 h, and then concentrated 
imder reduced pressure, and azeotroped with CH3CN twice to give diphenol derivative 21.2 
(03 g, quantitative). 

MoDophosphonate derivative 21.3: A THF solution (8 mL) of 18.2 (0.28g, 0.44 mmol) was 
stirred with cesium carbonate (0.17 g, 0.53 mmol) and diethylphosphonate triflate 53 (0.14 g, 
0.44 mmol) at room temperature for 4 h. The reaction mixture was concentrated under 
reduced pressure and purified to give 213 (120 mg, 35%), and recovered 21 J (150 mg, 
53%). 

Methoxy derivative 21.4: A THF sohition (2 mL) of 213 (9 mg, 11 pmol) was treated with 
cesium carbonate (15 mg, 46 jraiol) and iodome&ane (10 eq. Excess) at room temperature for 
6 h. The reaction mixture was concentrated under reduced pressure and partitioned between 
methylene chloride and saturated NaHCOj. The organic phase was separated, dried over 
sodiuid sulfate, filtered and concentrated under reduced pressure. The residue was purified 
by preparative TLC to afford 21.4 (9 mg) 

* 

Dietihylphosphonate 21.5: A ethyl acetate/eflianol (2 vdlUQ.5 mL) solution of 21.4 (9 mg, 11 
\mol) was hydrogenated at 1 atm in the presence of 1 0% Pd/C for 4 h. The cs^yst was 
removed by filtration, and the filtrate was concentiated under reduced jM^ssure to give the 
desired product 21.5 (4.3 mg, 49%, 2 steps). NMR (CDCI3 + -10 VoCDiO): 6 7.0-7.10 (m, 6 
H), 6.8-6.95 (m, 4H), 6.5-6.6 (m, 4H), 6.4-6.45 (m, 2H), 4.72 (d, 2H), 4.18-4.3 (m, 6H). 3.72 
(s, 3H), 3.4-3.5 (m, 4H), 2.8-3.0 (m, 6H), 1 .34 (t, 6H). P NMR (CDCI3 + -10 %CDjOD): 
19.93 ppm. 

Triflate 21.6: A THF solution (6 mL) of 213 (O.lg, 0.14 mmol), cesium carbonate (0.07 g, 
0.21 mmol), and N-phenyltrifluorometiiane-sulfonimide (6(hng, 0.17 mmol) was stirred at 
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room temperature for 4 h, and then concentrated under reduced irossure, and woiked up. The 
residue was purified by silica gd chromatography to give 21.6 (1 16 mg, 90%). 

Diamine 21.7: A DMF solution (2 mL) of 21.6 (1 16 m& 127 junol), dppp (60 mg, 145 
Hmol), and Pd(0Ac)2 (30 mg, 134 pmol) was stirred under nitrogen, foUowed by addition of 
triethylsilane (0.3 mL), and reacted for 4 h at room temperature. The reaction mixture was 
worked up and purified to give 21.7 (50 mg). 

Diethyl phosphonate 21.8: An acetonitrile solution (1 mL) of crude 21.7 (50 mg) was 
treated with 48% HF (0.1 mL) for 4 h. The reaction mixture was concentrated under reduced 
pressure, and purified to give 21.8 (10 mg, 1 1% (2 steps). NMR (CDCI3 + ~10%CD3O): 5 
7.05-7.30 (m, 9 H), 6.8-6.95 (d, 2H), 6A-6.6 (m, 6H), 4.72 (d, 2H), 4.18-4.3 (m, 6H). 3.4-3.5 
(m, 4H), 2.8-3.0 (m, 6H), 1 .34 (t, 6H). P NMR (CDCI3 + ~1 0 %CD30D): 1 9.83 ppm. 

Scheme 22 . 
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Acetonide 22.1: An acetone^^-diemethoxypropane solution (15 mL/5 mL) of ccHopound 
21.2 (240 mg, 0.38 mmol) and pyiidiniiuu toluenesulfonate (10 mg) was heated at leflux for 
30min. After cooled to room temperature, the reaction mixtuie concentrated under 
reduced pressure. The residue was partitioned between methylene chloride and saturated 
NaHCOs aqueous solution, dried, concentrated under reduced ]»ressure and purified to affrard 
22.1 (225 mg, 88%). 

Monometiioiy derivative 222: A THF solution (10 mL) of 22.1 (225 mg, 0.33 mmol) was 
treated with cesium carbonate (1 60 mg, 0.5 mmol) and iodomethane (52 mg. 0.37 mmol) at 
room temperature overnight The reaction mixture was concentrated under reduced pressure, 
and purified by preparative silica gel colunm cbomatojgraphy to a£ford 22J2 (66 mg, 29%) and 

■ 

recovered starting material 22»1 (25 mg^ 1 1%). 



Diethyl phosphonate 22.3: A methylene chloride solution (2 mL) of 22^ (22 mg, 32 fjmol), 
DIPEA (9 mg, 66 funol), and p-nitrophenyl chloroformate (8 mg, 40 jimol) was stirred at 
room temperature for 30 min. The resulting reaction mixture was reacted with DIPEA (10 
mg, 77 pmol), and aminoethyl dietfaylphosphonate 14.7 (12 mg. 45 pmol) at room 
temperature overnight. The reaction mixture was washed with 5% citric acid solution, 
saturated NaHCOa, dried, and purified by preparative TLC to afford 223 (12 mg, 43%). 
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Bis(3-aininobenzyl)-diethylphosphonate ester 22^: An ethyl acetate/t-BuOH (4 mI/2 mL) 
solution of 22.3 (12 mg, 13 pmol) was hydrogenated at 1 ato in tbe presence of 10% Pd/C 95 
mg) at room tempeiature for 5 L Tlie catalyst was removed by filtration. The filtrate was 
concentrated under reduced pressure, and purified by preparative TLC to give 22.4 (8 mg, 
72%). A methylene chloride solution (0.5 mL) of 22.4 (8 mg) was treated with TFA (0.1 
mL) at room temperature for 1 k, concentrated under reduced pressure, and then azeotroped 
with CHsCN twice to afford 22^ (8.1 mg, 81%). NMR (CDOj + -10 %CD30D): 6 11 (d, 
IH), 6.95-7.15 (m, 6H), 6.75-6.9 (m, 5 H), 4.66 (d, IH), 4.46 (d. IH), 4.06r4.15 (m, 4H). 3.75 
(s, 3H), 3.6-3.7 (m, 4H), 2.6-3.1 (m, 6H), 2.0-2.1 (m, 2H), 1.30 (t, 6H). P NMR (CDCI3 + 
-10 %CD30D): 29.53 ppm. MS: 790 (M + 1). 

Bis(3-aminobenzyl) diethylphosphonate ester 22.7: Compound 22.7 was prepared from 
222 (22 mg, 32 junol) and aminomethyl diethylphosphonate 22 as shown above for the 
preparation of 22.5 fcosa. 22J. NMR (CDCI3 + -10 %CD30D): 5 7.24 (d, IH), 6.8-7.12 (m, 
IIH), 4.66 (d, IH), 4.45 (d, IH), 4.06-4.15 (m, 4H). 3.75 (s, 3H), 2.6-3.1 (m, 6H), 1.30 (t, 
6H). P NMR (CDCI3 + -10 %CD30D): 22.75 ppm. MS: 776 (M + 1). 
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Diol 23.1: To a solution of compound 2.8 (2.98 g, 5.84 mmol) in metibylene diloride (14 
mL) was added TFA (6 mL). The resulted mixture was stirred at room temperature for 2 h. 
Methanol (5 mL) and additional TFA (5 mL) were added. The reaction mixture was stirred 
for additional 4 h and then concentrated under reduced pressure. The residue was washed 
with hexane/ethyl acetate (1:1) and dried to afford compound 23.1 (1.8 g, 86%) as an off- 
white solid. 
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Benzyl ether 233: To a solution of compound 23.1 (L8 g, 5.03 mmol) in DMF (6 mL) and 
2,2-dimethoxyl propane (12 mL) was added p-toluenesulfonic acid monohydrate (0.095 g, 
0.5 mmol). The resultant mixture was stirred at 65'C for 3 h. The excess 2,2-dimethoxyl 
propane was slowly distilled. The reaction mixture was cooled to room temperature and 
charged with THF (50 mL), benzyl bromide (0.8 mL, 6.73 mmol) and cesium carbonate (2.0 
g, 6.13 mmol). The resulted mixture was stirred at 65°C for 16 h. The reaction was 
quenched with acetic acid aqueous solution (4%, 100 mL) at O'C, and extracted with ethyl 
acetate. The organic phase was dried over magnesium snl&te and concentrated under 
reduced pressure. The residue was purified by chromatography on silica gel to afford desired 
mono protected compound 23 J (1.21 g, 49%). 

Benzyl ether 23^: To a solution of compound 23.3 (0.65 g, 1.33 mmol) and N- 
phenyltrifluoromethanesulfonimide (0.715 g, 2 mmol) m THF (12 mL) was added cesmm 
carbonate (0.65 g, 2 mmol). The mixture was stirred at room temperature for 3 h. The 
reaction mixture was filtered through a pad of silica gel and concentrated under reduced 
pressure. The residue was purified on siHca gel chromatography to give triflate 23.4 (0.85 g). 
To a solution of l,3-bis(diphenylphosphmo)propane (0J275g, 0.66 mmol) in DMF (10 mL) 
was added palladium(ll) acetate (0.15 g, 0.66 mmol) under argon. This mixture was stiired 
for 2 nun. and then added to triflate 23.4. Afler sturing for 2 min., triethylsilane was added 
and the resulted mixture was stirred for 1.5 h. The solvent was removed under reduced 
pressure and the residue was purified by chromatogr^hy on silica gel to afford compound 
23.5 (0.56 g, 89%). 

Phenol 23.6: A solution of 23.5 (0.28 g, 0.593 mmol) in ethyl acetate (5 mL) and isopropyl 
alcohol (5 mL) was treated with 10% Pd/C (0.05g) and stirred under a hydrogen atmosphere 
(balloon) for 16 h. The catalyst was removed by filtration and the filtrate was concentrated 
under reduced pressure to yield 23,6 (0.22 g, 97%) as a white solid. 

Dibenzyl phosphonate 23,7: To a solution of compound 23.6 (0.215 g, 0.563 mmol) in THF 
(10 mL) was added dibenzyl triflate 3.11 (0.315 g, 0.74 mmol) and cesium carbonate (0.325g, 
1 mmol). The mixture was stirred at room temperature for 2 h, then dfluted with ethyl acetate 
and washed with water. The organic phase was dried over magnesium sul&te, filtered and 
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concentrated under reduced pressure. The residue was purified by cliromatography on silica 
gel to afford compound 23.7 (0.3 1 g, 84%). 

Diphenyl ester 23.8: A solution of compound 23.7 (0.3 g, 0.457 nunol) and benzyl bromide 
(0.165 mL, 1.39 mmol) in THF (10 mL) was treated with potassium /erT-butoxide (IMATHF, 
1.2 mL) for 0.5 h. The mixture was diluted with ethyl acetate and washed with HCl (0.2N). 
The organic phase was dried over magnesium sulfate^ filtered and concentrated under 
reduced pressure. The residue was dissolved in ethyl acetate and treated with 10% Pd/C 
(0.05 g) under hydrogen atmosphere (balloon) for 16 h. The catalyst was removed by 
filtration and the filtrate was concentrated imder reduced pressure. The residue was treated 
with TFA (1 mL) in methanol (5 mL) for 1 h, and then concentrated under reduced pressure. 
The residue was dissolved in pyridine (1 mL) and mbced with ph^l (0.45 g, 4.8 mmol) and 
1,3-dicyclohexylcarbodiimide (0.38 g, 1.85 mmol). The mixture was stirred at 70X for 2 h, 
and then concentrated under reduced pressure. The residue was partitioned between ethyl 
acetate and HCl (0.2N). The organic phase was dried over magnesium sulfate, fihered and 
concentrated. The residue was purified by chromatography on silica gel to afford compound 
23.8 (0.085 g, 24%). 

Mono amidate 23.9: To a solution of 23^ (0.085g, 0.1 1 mmol) in acetonitrile (1 mL) was 
added sodium hydroxide (IN, 0.25 mL) at 0*C. After stirred at 0"C for 1 h, the mixture was 
acidified with Dowex resin to pH = 3. and filtered. The filtrate was concentrated under 
reduced pressure. The residue was dissolved in pyridine (0.5 mL) and mixed wifii L-alanine 
ethyl ester hydrochloride (0.062 g, 0.4 mmol) and 1,3-dicyclohexyl-carbodiimide (0.125 g, 
0.6 mmol). The mixture was stirred at 60*C for 0.5 h, and then concaitrated under reduced 
pressure. The residue was partitioned between e&yl acetate and HCl (0J2N). The organic 
phase was dried over magnesium sulfete, filtered and concentrated. The residue was purified 
by HPLC (C-18, 65% acetonitrile / water) to afford compound 23.9 (0.02 g, 23%). NMR 
(CDC13): 8 1.2 (m, 3H), 1.4 (m, 3H), 1.8 (brs, 2H), 2.8-3.1 (m, 6H), 3.5-3.7 (m, 4H), 3.78 (m, 
IH), 4.0-4.18 (m, 2H), 4.2-4.4 (m, 3H), 4.9 (m, 2H), 6.8-7.4 (m, 24H). 31P NMR (CDC13): d 
20.9, 19.8. MS: 792 (M+1). 
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Di-tert bnfyl ether 24 J: To a solution of compoimd 2.8 (0^ 1 g» 1 nmol) and benzyl 
hromide (0.43g, 2,5 mmol) in THF (6 mL) was added potassium /err-butoxide (IM/IHF, 2.5 
mL). Hie mixture was stirred at room temperature for 0.5 h, then diluted with ethyl acetate 
and washed with water. The organic phase was dried over magnesium sulfate, filtered and 
concentrated under reduced pressure. The residue was purified by chromatography on sUica 
gel to afford compound 24.1 (0.62 g, 90%). 

Diol 24 Jl: To a solution of compound 24.1 (0.62 g, 0.9 mmol) in methylene chloride (4 mL) 
was added TFA (1 mL) and water (O.l mL). The mixture was stirred for 2 h, and then 
concentrated under reduced pressure. The residue was purified by chromatography on silica 
gel to afford compound 24.2 (0.443g, 92%). 

Benzyl ether 243'. Compound 243 was prepared in 46% yield according to the procedure 
described in Scheme 23 for the preparation of 233. 

Triflate 24.4: Compound 24.4 was prepared m 95% yield according to the procedure 
described in Scheme 23 for the preparation of 23.4. 

Benzyl ether 24.S: Compound 243 was prepared in 93% yield according to the procedure 
described in Scheme 23 far the preparation of 233. 
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Phenol 24.6: Compound 24.6 was prepared in 96% yield according to the procedure 
described in Scheme 23 for the preparation of 23.6 jfrom 23.5. 

Dibenzyl phosphonate 24.7: Compound 24J was prepared in 82% yield according to the 
procedure described in Scheme 23 for the preparation of 23.7. 

Diacid 24.8: A solution of 24.7 (0.16 g, 0207 mmol) in ethyl acetate (4 mL) and isopropyl 
alcohol (4 mL) was treated with 10% Pd/C (0.05g) and stirred under a hydrogen atmosphere 
(balloon) for 4 L The catalyst was removed by filtration and the filtrate was concentrated 
under reduced pressure to yield 24.8 (0.125 g, 98%) as a white solid. 

Diphenyl ester 24.9: To a solution of compound 24.8 (0.12 g, 0.195 mmol) in pyridine (1 
mL) was added phenol (0.19 g, 2 mmol) and 1,3-dicyclohexylcarbodiimide (0.206 g, 1 
mmol). The mixture was stuied at 70T for 2 h, and then concentrated under reduced 
pressure. The residue was partitioned between ethyl acetate and HCl (0.2N). The organic 
phase was dried over magnesium sulfete, filtered and concentrated. The residue was purified 
by chromatography on silica gel to afford compound 24.9 (0.038 g, 25%). 

Mono lactate 24.11: Compound 24.9 was converted, via compound 24.10, into compound 
24.11 in 36% yield according to the procedure described in Scheme 23 for the preparation of 
23.9 except utilizing the ethyl lactate ester in place of L-alanine ethyl ester . NMR 
(CDC13): 5 1.05 (t, J = 8 Hz, 1 .5H), LI (t, J = 8 Hz, L5H), 1.45 (d, J = 8 Hz, L5H), 1.55 (d, J 
= 8 Hz, L5H), 2.6 (brs, 2H), 2.9-3.1 (m, 6H), 3.5'-3.65 (m, 4H), 4.15-425 (m, 2H), 4.4-4.62 
(m, 2H), 4.9 (m, 2H), 5.2 (m, IH), 6.9-7.4 (m, 24H). 31? NMR (CDC13): d 17.6, 15.5. MS: 
793 (M+1). 
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Scheme 25 




Dibenzyl ether 25.1: The protection reaction of compound 2J0 with ben^l bromide was 
carried out in the same manner as described in Scheme 23 to afford compound 2S.1. 

Bis indazole 2S.2: The alkylation of compound 25.1 with bromide 25.9 was carried out in 
the same manner as described in Scheme 23 to aJBford compound 25.2 in 96% yield. 
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Diol 253: A sohrtion of 25^ (0.18 g, 0.178 mmol) in ethyl acetate (5 mL) ) and isopropyl 
alcohol (5 mL) was treated witib 20% Pd(0H)2/C (0.09g) and stirred under a hydrogen 
atmosphere (balloon) for 24 h. The catalyst was removed by filtration and the filtrate was 
concentrated under reduced pressure to afford 25.3 in quantitative yield. 

Diethyl phosphonate 25.4: To a solution of compound 25-3 (0. 124 g, 0. 1 5 mmol) in 
acetonitrile (8 mL) and DMF (1 mL) was added potassium tert-butoxide (0.15 mL, IM/THF). 
The mixture was stirred for 10 min. to form a clear solutioa Diethyl triflate S3 (0.045 g, 
0. 1 5 mmol) was added to the reaction mixture. After stirred for 0.5 h, the reaction mixture 
was diluted with ethyl acetate and washed with HCl (O.IN), The organic phase was dried 
over magnesium sul&te, filtered and concentrated under reduced pressure. The residue was 
purified by chromatography on silica gel to afford compound 25.4 (0.039 g, 55% (based on 
recovered starting material: 0.064 g, 52%). 

Bisindazole 25.6: A mixture of compound 25.4 (0.027 g), ethanol (1.5 mL), TFA (0.6 mL) 
and water (0.5 mL) was stirred at 60" C for 18 h. The mixture was concentrated under 
reduced pressure, and the residue was purified by HPLC to afford compound 25.6 as a TFA 
salt (0.014 g, 51%). NMR (CD30D): 6 1.4 (t, J - 8 Hz, 6H), 2.9 (M, 4H), 3.2 (m, 2H), 
3.58 (brs, 2H), 3.65 (m, 2H), 4.25 (m, 4H), 4.42 (d, J = 10 Hz, 2H), 4.85 (m, 2H), 6.75 (d, J = 
9 Hz, 2H), 6.9 (m, 4H), 7.0 (d, J = 9 Hz, 2H), 7.4-7.6 (m, 6H), 8.1 (brs, 2H). 31P NMR 
(CD30D); 520.8. MS: 769 (M+1). 

Diethyl phosphonate 25.7: Compound 2S.4 was converted into compound 25.7 in 76% 
yield according to the procedures described in Scheme 23 for the conversion of 233 into 
23.5. 

Bis indazole 25.8: Compound 25.7 (0.029 g) was treated in the same manner as compound 
25.4 in the preparation of 25.6 to afford compound 25.8 as a TFA salt (0.01 75 g, 59%). ^H 
NMR (CD30D): 6 1.4 (t, J = 8 Hz, 6H), 3.0 (M. 4H), 3.15 (d. J = 14 Hz, IH). 3.25 (d. J = 14 
Hz, IH), 3.58 (brs, 2H), 3.65 (m, 2H), 4.25 (m, 4H), 4.42 (d. J = 10 Hz, 2H), 4.85 (m, 2H), 
6.9 (d, J = 9 Hz, 2H), 7.0 (d, J = 9 Hz, 2H), 7.1 (d, J = 7 Hz, 2H), 7.2-7.6 (m, 9H), 8.1 (bre, 
2H). ^'P NMR (CD30D): 8 20.8. MS: 753 (M+l). 
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Preparation of Alkylating and Phosphonate Reagents 
Scheme 50 
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1. CBZ-CI 

aq. NaOH 

O O 2.PhOH.TEA O " 
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gOPh Ethyl lactate o°\ " 
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3- 47ano-4-fluoro-beiu^lbromide 3.9: The commerciaUy avaUable 2— fluoK)-4- 
me%lben2onitrile 50.1 (10 g, 74 nunol) was dissolved in carbon tetrachloride (50 mL) and 
then treated with NBS (1 6 g, 90 nunol) followed by AIBN (0.6 g, 3.7 mmol). The mixture 
was stirred at 85'C for 30 min and then allowed to cool to room temperature. The mixture 
was filtered and the filtrate concentrated under reduced pressure. The residue was purified by 
silica gel eluting with 5-20% ethyl acetate in hexanes to give 3.9 (8.8 g, 56%). 

4- beiuyloxy benzyl chloride 3 JO is purchased fixm Aldrich 

Dibenzyl triilate 3.11: To a solution of dibenzyl phosphite 502 (100 g, 381 mmol) and 
formaldehyde (37% in water, 65 mL, 860 mmol) in THF (200 mL) was added TEA (5 mL, 36 
mmol). The resulted mixture was stined for 1 h, and then concentrated under reduced 
pressure. The residue was dissolved in methylene chloride and hexane (1:1, 300 mL), dried 
over sodium sulfete, filtered through a pad of siHca gel (600 g) and eluted with ethyl acetate 
and hexane (1:1). The filtrate was concentrated un<ter reduced pressure. The residue 50.3 
(95 g) was dissolved in melhylene chloride (800 mL), cooled to -78*C and then charged with 
pyridine (53 mL, 650 mmol). To this cooled solution was slowly added 
trifluoromethanesulfonic anhydride (120 g. 423 mmol). The resulted reaction mixture was 
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stirred and gradually wanned up to over 1 .5 h period of time. The reaction mixture 
was cooled down to about - SO'C, diluted with hexane-ethyl acetate (2:1, 500 mL) and 
quenched with aqueous phosphoric acid (IM, 100 mL) at -lO'C to O'C. The mixture diluted 
with hexane-ethyl acetate (2:1, 1000 mL). The organic phase was washed with water, dried 
over magnesium sulfate, filtered and concentrated under reduced pressure. The residue was 
purified by chromatography on silica gel to afford dibenzyl triflate 3.11 (66 g, 41%) as a 
colorless oil. 

Diethyl triflate 53 is prepared as described m Tet Lett. 1986, 27, pl477-14g0 

S-Benzyloxyben^Ibromide 6.9: To a solution of triphenyl phosphine (15.7 g, 60 mmol) in 
THF (1 SO mL) was added a solution of carbon tetrabromide (20 g, 60 mmol) in THF (SO 
mL). A precipitation was fomaed and stirred for 10 miQ. A solution of 3-benzyloxybenzyl 
alcohol 50.4 (1 0 g, 46.7 mmol) was added. stirred for 1.5 h, the reaction mixture was 
filtered and concentrated under reduced pressure. The majority of triphenyl phosphine oxide 
was removed by precipitation fiom e1h}d acetate-hexane. The crude product was purified by 
chromatography on silica gd and precipitation fiom hexane to give the desired product 3- 
Benzyloxybenzylbromide 6.9 (10 g, 77%) as a white soKd. 

t-Butyl*-3-chloromethyI benzoate 14.5: A benzene solution (15 ml) of 3- 
cUoromethylbenzoic acid 50.5 (1 g, 5.8 mmol) was heated at reflux, followed by the slow 
addition of N,N-dimethyIforamide-di-t-butyIacetal (5 m). The resulting solution was refluxed 
for 4 h, concentrated under reduced pressure and purified by silica gel column to afford 14.5 
(0.8 g, 60 %). 

Aminopropyl-diethylphosphonate 14.6 is purchased from Acros 
Aminoethyl-diethylphosphonate oxalate 14.7 is purchased from Acros 
Ammopropyl-phenol-efhyl lactate phosphonate 15.5 

N-CBZraminopropyl diphenylphosphonate 50.8.' An aqueous sodium hydroxide solution 
(50 mL of 1 N solution, 50 mmol) of 3-aminopropyl phosphonic acid 50.6 (3 g, 1.5 mmol) 
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was reacted with CBZ-Cl (4.1 g, 24 mmol) at room temperature overnight The reaction 
mixture was washed with methylene chloride, acidified with Dowex 50wx8-200. The lesin 
was fQteied off. The filtrate was concentrated to dryness. The crude N-CBZ-aminopropyl 
phosphonic acid S0.7 (5.8 xnmol) was suspended in CH3CN (40 mL), and reacted with 
thionyl chloride (5.2 g, 44 mmol) at reflux for 4 hr, concentrated, and azeotroped with 
CH3CN twice. The reaction mixture was redissolved in methylene chloride (20 roL), 
followed by the addition of phenol (3.2 g, 23 mmol), was cooled to 0°C. To this 0°C cold 
solution was added TEA (2.3 g, 23 mmol), and stirred at room temperature overnight The 
reaction mixture was concentrated and purified on silica gel column chromatograph to afford 
SOS (1.5 g, 62 %). 

Monophenol derivative 50^: A CH3CN solution (5 mL) of (0.8 g, 1.88 mmol) was 
cooled to 0°C , and treated with IN NaOH aqueous solution (4 niL, 4 mmol) for 2 h. The 
reaction was diluted with water, extracted with efhyl acetate, acidified with Dowex 50wx8- 
200. The aqueous solution was concentrated to diyness to afford 50.9 (0.56 g, 86%). 

Monolactate derivative 50.10: A DMF solution (1 mL) of crude 50.9 (0.1 7 g, 0.48 mmol), 
BOP reagent (0.43 g, 0.97 mmol), ethyl lactate (0.12 g, 1 mmol), and DIPEA (0.31 g, 2.4 
mmol) was reacted for 4 hr at room temperature. The reaction mixture was partitioned 
between methylene chloride and 5 % citric acid aqueous solution. The organic solution was 
separated, concentrated, and purified on preparative TLC to give 50.10 (0.14 g, 66%). 

3-AmiDopropyI lactate phosphonate 15.5: An ethyl acetate/ethanol solution (10 mL/2 mL) 
of 50.10 (0.14 g, 0.31 mmol) was iqrdrogenated at 1 atm in the presence of 10% Pd/C (40 
mg) for 3 hr. The catalyst was filtered off. The filtrate was concentrated to diyness to afford 
15.5 (0.14 g, quantitative). >BV1R (CDCI3): 5 8.0-82 (b, 3H), 7.1-7.4 (m, 5H), 4.9-5.0 (m, 
IH), 4.15-4.3 (m, 2H), 3.1-3.35 (m, 2H), 2.1-2.4 (m, 4H), 1 .4 (d, 3H), 1.3 (t, 3H). 

Aminopropyl-phenol-ethyl alanine phosphonate 15.6: Compound 15.6 (80 mg) was 
prepared fi-om the reaction of 50.9 (160 mg, 0.45 mmol) and L-alanine ethyl ester 
hydrochloride salt (0.1 Ig, 0.68 mmol) in the presence of DIPEA and BOP reagent to give 
50J1, followed by the hydrogenation in the presence of 10% Pd/C and TFA to yield 15.6. 
NMR (CDCI3 + --10 % CD3OD): 5 8.0-8.2 (b\ 7.25-7.35 (L 2H>. 7.1-7.2 (m. 3m. 4.0-4 1 S 
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(m, 2H), 3.8-4.0 (m, IH), 3.0-3.1 (m,2H), 1.15-1^5 (m, 6H).PNMR(CDCl3+ -^10 % 
CD3OD): 32.1 & 32.4 ppm. 



Aminopropyl dibenzyl phosphoiiate 15.7 : 

N-BOC-3-aminopropyl phosphonic acid 50.13: A THF-IN aqueous solution (16 inL-16 
mL) of 3-aininopropyl phosphonic acid 50.12 (1 g, 7.2 mmol) was reacted with (BOQaO (1.7 

7.9 mmol) ovemi^t at room temperature. The reaction mixture was concentrated, and 
partitioned between methylene chloride and water. The aqueous solution was acidified with 
Dowex 50wx8-200. The resin was filtered off . The filtrate was concentrated to give 50.13 
(2.2 g, 92%). 

N-BOC-3-aminopropyI dibeii2yl phospbonate 50.14: A CH3CN solution (10 mL) of 50.13 
(0.15 g, 0.63 mmol), cesium carbonate (0.61 g, 1.88 mmol), and benzyl bromide (0.24 g, 1.57 
mmol) was heated at reflux overnight The reaction mixture was cooled to room temperature, 
and diluted with methylene chloride. The white solid was filtered off, washed thoroughly 
with methylene chloride. The organic phase was concentrated, and purified on preparative 
TLC to give 50.14 (0.18 g, 70%). MS: 442 (M + Na). 

Aminopropyl dibenzyl phospbonate 15.7: A methylene chloride solution (1.6 mL) of 50.14 
(0.18 g) was treated with TFA (0.4 mL) for 1 hr. The reaction mixture was concentrated to 
dryness, and azeotroped with CH3CN twice to a£ford 15.7 (0.2 g, as TFA saft), NMR 
(CDCI3): 5 8.6 (b, 2H), 7.9 (b, 2H), 7.2-7.4 (m, lOH), 4.71-5.0 (2 abq, 4H), 3.0 (b, 2H), 1.8-2 
(m, 4H). 31P NMR (CDCI3): 32.0 ppm. F NMR (CDCI3): -76.5 ppm. 

Aminomethyl diethylphosphonate 22.8 is purchased fi-om Acros 

Bromomethyl, tetrahydropyran indazole 25.9 is prepared according to J. Org. Chem. 1997, 
62, p5627 



SUBSTITUTE SHEET (RULE 26) 



wo 2004/096818 PCT/EP2003/012423 

703 

Activity of the CCPPI Compoimds 

The enzyme inhibitory potency (Ki), antiviral activity (EC50), and cytotoxicity (CC50) of the 
tested compounds were measured and demonstrated. 
Biolopical assays used for the characterization of PI prodrug s 

HIV-1 Protease Enzyme Assay (Ki) 

The assay is based on the fluorimetric detection of synthetic hexapeptide substrate cleavage 
by HIV-1 protease in a defined reaction buffer as initially described by M. V.Toth and 
G JUVlarshall, Int. J. Peptide Protein Res. 36, 544 (1990) 

Substrate: (2-aminobeiizoyl)Thr-De-Nle-(p-mtro)Phe-Gln-Arg 

Substrate si^plied by Bachem California, Inc. (Torrance, Cat. no. H-2992) 

recombinant HTV-l protease e^qpressed in E.CoIi 
Enzyme supplied by Bachem California, Inc. (Torrance, CA; Cat. no. H-9040) 

Reaction buffer: 1 00 mM ammonium acetate, pH 5.3 

1 M sodium chloride 

1 mM ethylendiaminetetraacetic acid 
1 mM dithiothreitol 
10% dimethylsulfoxide 

Assay protocol for the determination of inhibition constant Ki: 

L Prepare series of solutions containing identical amount of the enzyme (1 to 2.5 xM) and a 
tested inhibitor at dijfferent concentrations in the reaction buffer 

2. Transfer the solutions (190 uL each) into a white 96-v^Il plate 

3. Preincubateforl5minat37^C 

4. Solubilize the substrate in 100% dimethylsulfoxide at a concentration of 800 Start 
the reaction by adding 1 0 pL of 800 jjM substrate into each well (final substrate 
concentration of 40 ^NQ 

5. Measure the real-time reaction kinetics at 37^C by using Gemini 96-well plate fluorimeter 
(Molecular Devices, Sunnyvale, CA) at X(Ex) = 330 nm and ^Em) = 420 nm 
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6. Determine initial velocities of the reactions ynAx different inhibitor concentrations and 
calculate Ki (in picomolar concentration units) value by using EnzFitter program 
(Biosoft, Cambridge, U.K.) according to an algorithm for tight-binding competitive 
inhibition described by Ermolieff J., Lin X., and Tang J., Biochemistry 36, 12364 (1997) 

Anti-HTV-l Cell Culture Assay (EC^) 

The assay is based on quantification of the HTV-l -associated cytopathic effect by a 
colorimetric detection of the viability of virus-infected ceUs in the presence or absence of 
tested inhibitors. The HIV-l-induced cell death is determined using a metabolic substrate 
2^-bis(2-methDxy-4-nitro-5-sulfophenyl)-2H-tetrazoKum-5-carboxaiu^ (XTT) which is 
converted only by intact cells into a product with specific absorption characteristics as 
described by Weislow OS, Kiser R, Fine DL, Bader J, Shoemaker RH and Boyd MR, J. Natl. 
Cancer fast. 81, 577 (1989), 



Assay protocol for deiermination of ECso- 

1. Maintain MT2 cells in RPMI-1640 medium supplemented with 5% fetal bovme serum 
and antibiotics. 

2. Infect the cells with the wild-type HTV-l strain llIB (Advanced Biotechnologies, 
Columbia, MD) for 3 hours at 37^C using the virus inoculum corresponding to a 
multiplicity of infection equal to 0.01. 

3. Prepare a set of solutions containing various concentrations of the tested inhibitor by 
making S-fold serial dilutions in 96-well plate (100 ^L/well). Distribute the infected cells 
into the 96-weIl plate (20,000 cells in 100 )iL/well). Include samples with untreated 
infected and untreated mock-infected control cells. 

4. Incubate the cells for 5 days at 37°C. 

5. Prepare XTT solution (6 mL per assay plate) at a concentration of 2mg/mL in a 
phosphate-buffered saline pH 7.4. Heat the solution in water-bath for 5 min at 55°C. 
Add 50 |iL of N-methylphenazonium methasulfate (5 pg/mL) per 6 mL of XTT solution. 

6. Remove 1 00 pL media from each well on the assay plate. 

7. Add 100 |iL of the XTT substrate solution per well and incubate at 37°C for 45 to 60 min 
in a CO2 incubator. 

8. Add 20 ^iL of 2% Triton X-100 per well to mactivate Ihe vmis. 
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9* Read ^ absoifoance at 450 nm with subtracting off the backgroimd ahsorbance at 650 

10. Plot the percentage absorbance relative to untreated control and estimate the EC50 value 
as drug concentration resulting in a 50% protection of the infected cells. 

Cytotoxicity Cell Culture Assay (CCui\: 

The assay is based on the evaluation of cytotoxic effect of tested compounds using a metabolic 
substrate 2^-bis(2-methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-5-carboxanilide (XTT) as 
described by Weislow OS, Kiser Fine DL, Bader J, Shoemaker RH and Boyd MR, J. Natl. 
Cancer Inst. 81, 577 (1989). 

Assay protocol for determination of CC$o: 

1. Maintain MT-2 cells in RPMI-1640 medium siq>plemented vdth 5% fetal bovine serum 
and antibiotics. 

2. Prepare a set of solutions containing various concentrations of the tested inhibitor by 
making 5-fold serial dilutions in 96-weU plate (1 00 jxL /well). Distribute cells into the 
96-well plate (20,000 cells in 100 {iL/well). Include samples with untreated cells as a 
control. 

3. Incubate the cells for 5 days at ST'^C. 

4. Prepare XTT solution (6 mL per assay plate) in dark at a concentration of 2mg/inL in a 
phosphate-buffered saline pH 7.4. Heat the solution in a water-bath at 55°C for S min. 
Add 50 fiL of N-methylphenazomum methasulfate (5 fig/mL) per 6 mL of XTT solution. 

5. Remove 1 00 fxL media from each well on the assay plate and add 1 00 nL of the XTT 
substrate solution per well. Incubate at 37°C for 45 to 60 min in a CO2 incubator. 

6. Add 20 |iL of 2% Triton X-100 per well to stop the metabolic conversion of XTT. 

7. Read the absorbance at 450 nm with subtracting off the background at 650 nm. 

8. Plot the percentage absorbance relative to untreated control and estimate the CC50 value 
as drug concentration resultmg in a 50% inhibition of the cell growth. Consider the 
absorbance being directly proportional to the ceO growth. 
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KQsis\mccE\a]m^on(I50V and I84V/L90M fold chan2^^ 

The assay is based on the detenniiiation of a difference in the susceptibility to a particular 
HIV protease inhibitor between the wild-type HIV-1 strain and a mutant HIV-1 strain 
containing specific drug resistance-associated niutation(s) in the viral protease gene. The 
absolute susceptibiBty of each virus (EC50) to a particular tested compound is measured by 
using the XTT-based cytopathic assay as described above. The degree of resistance to a 
tested compound is calculated as fold difference in EC50 between the wild type and a specific 
mutant vizus. This represents a standard approach for HIV drug resistance evaluation as 
documented m various pubhcations (e.g. Maguhre et al.» Antimicrob. Agents Chemother. 46: 
731, 2002; Gong et al., Antimicrob. Agents Chemother. 44: 2319, 2000; Vandamme and De 
Cleicq, in Antiviral Therapy (Ed. E. De Clercq), pp. 243, ASM Press, Washington, DC, 
2001). 

HIV-l strains used for the resistance evaluatioa: 

Two strains of mutant viruses containing I50V mutation in the protease gene have been used 
in the distance assays: one with M46I/I47V/I50V mutations (designated I50V #1) and the 
other vwth L10I/M46I/I50y (designated I50V #2) mutations in the viral protease gene. A 
third virus with I84V/L90M mutations was also employed in the resistance assays. Mutants 
I50V #1 and I84V/L90M were constructed by a homologous recombination between three 
overlapping DNA fragments: 1. linearized plasmid containing wild-type HIV-1 proviral DNA 
(strain HXB2D) with the protease and reverse transcriptase genes deleted, 2. DNA fragment 
generated by PGR amplification containmg reverse transcriptase gene from HXB2D strain 
(wild-type), 3. DNA firagment of mutated viral protease gene that has been generated by PCR 
amplification. An approach similar to that described by Shi and Mellors in Antimicrob. 
Agents Chemother. 41 : 2781-85, 1997 was used for the construction of mutant viruses from 
the generated DNA fragments. Mixture of DNA fi:i^ents was delivered into Siip-Tl cells 
by using a standard electroporation technique. The cells were cultured m RPMl-1640 
medium supplemented with 10% fetal bovine serum and antibiotics until the lecombinant 
virus emerged (usually 10 to 15 days following the electroporation). Cell culture supernatant 
containing the recombinant virus was harvested and stored in atiquots. After verification of 
I»X)tease gene sequence and determination of the infectious virus titer, the viral stock was 
used for drug resistance studies. Mutant I50V #2 is an amprenavir-resistant HIV-1 strain 
selected in vitro fix)m the wild-type IHB strain in the presence of increasing concentration of 
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amproiavir over a period of > 9 months using an approacli similar to that described by 
Partaiedis et al., J. ViroL 69: 5228-5235, 1995. Vims capable of growing in the presence of 5 
\jM amprenavir was harvested from flie st^ematant of infected cells and used for resistance 
assays following the titration and protease gene sequencing, 

Example 37: Activity of the Tested Compounds 

The en2yme mhibitory potency (Ki), antiviral activity (EC50), and cytotoxicity (CC50) of the 
tested compounds are summarized in Table L 




94-003 
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Table 1: Enzyme inhibition activity (Ki), antiviral cell culture activity (EC50), and 
cytotoxicity (CCSO) of the tested compounds. 



OUUSliUlLIUIl 01 

(PI)phenyl 


v.'Ouipouna 


riiospaonaie 
substitution 


UTi/ 1 

nlV-1 
protease 
inoit)iiion 

KifpM] 


Anti-ruV-l Cell 
Culture Activity 
£G50[nMj 


Cytotoxicity 
CCSO fuMl 


none 


Amprenavir 


none 


45.6 ± 18^ 


16 ±2.2 




none 


94-003 


none 


1.46 ±0^8 


1.4 ±0.3 




pbosphonyl 


27 


diacid 


11.8 ±6.0 


> 100,000 


>100 




28 


diethyl 


1.2 ±0.8 


5.0 ± 2.8 


70 


phosphonyl 
methoxy 


11 


diacid 


2.1 ±0.2 


4,800 ±1,800 


>100 




13 


diethyl 


2.6 ± 1.5 


3.0 ±0 


50 




14 


dibenz^ 


12.7 ±1.9 


23 ± 0.4 


35 




16c 


bis(Ala- 
ethylester) 


15.4 ±0.85 


105 ±43 


60 




16d 


bi5(A]a- 

bufylester) 


18.75 ±3.04 


6.0 ±1.4 






16e 


bis(ABA- 
ethylester) 


8.8 ±1.7 


12.5 ±3 J 






16f 


bis(ABA- 
butylester) 


3.5 + 1.4 


4.8 ±1.8 






I6a 


bis(Gly. 

ethylester) 


29±82 


330 ±230 






16b 


bb(Gly. 
butylester) 


4.9 ±1.8 


17 J ± 10.5 






16g 


bls(Leu- 1 
ethylester) 


29±9 


6.8 ±0.4 






16h 


bisQLeu- 

butylester) 


31.7+193 


120+42 






16i 


bis(Phe- 
ethylester) 




17 ±12 






16j 


bis(Phe- 
butylester) 




35±7 






15 


bis(POC) 


36 


825 + 106 






11 


Monoethyl, 
monoacid 


0.45 ±0.1 5 


700 ±0 





CiDSS-Resistancc Profile Assay 

Tte assay is based on the deteimination of a difference in the susceptibility to a particular 
HIV protease inhibitor between the wild-type HIV-1 strain and a recombmant HIV-1 strain 
expressing specific drug resistance-associated mutation(s) in the viral protease gene. The 
absolute susceptibility of each virus to a particular tested compound is measured by using the 
XTT-based cytopathic assay as described in Example B. The degree of resistance to a tested 
compound is calculated as fold difference in ECSO between the wild type and a specific 
mutant virus. 
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Recombinant HIV-1 strains with resistance mutations in&e protease gene: 
One mutant virus (82T/84V) was obtained jfrom NIH AIDS Research and Reference Reagent 
Program (Rockville, MD). Majority of the mutant HIV-1 strains were constructed by a 
homologous recombination between three overlapping DNA fragments: 1 . linearized plasmid 
containing wild-type HTV-l proviral DNA (strain HXB2D) with the protease and reverse 
transcriptase genes deleted, 2. DNA fragment generated by PGR amplification contaimng 
reverse transcriptase gene fit3m HXB2D strain (wild-type), 3. DNA fi:agment generated by 
RT-PCR amplification from patients plasma samples containing viral protease gene with 
specific mutations selected during antiretroviral ther^y with various protease inhibitors. 
Additional mutant HTV-l strains were constructed by a modified procedure relying on a 

■ 

homologous lecombination of only two bvorlappii^ DNA fragments: 1 . linearized plasmid 
containing wild-type HIV-1 proviral DNA (strain HXB2D) with only the protease gene 
deleted, and 2. DNA fiagment generated by RT-PCR amplification from patients plasma 
samples containing viral protease gene with specific mutations. In both cases, mixture of 
DNA fragments was delivered mto Sup-TI ceKs by using a standard electroporation 
technique. The cells were cultured in RPMI-1640 medium supplemented with 10% fetal 
bovine serum and antibiotics until the recombfaiant virus emerged (usually 10 to 15 days 
following the electroporation). Cell culture supernatant containing the recombinant virus was 
harvested and stored in aliquots. After determination of the virus titer the virus stock was 
used for drug resistance studies. 

Example 39: Cross-Resistance Profile of the Tested Compounds 

Cross-resistance profile of currently used HTV-l protease inhibitors was compared with that 
of the newly invented compounds ^able 2). 
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Table 2. Cross-resistance profile of HIV-1 protease inhibitors 



Compound 


EC 
50 
InMj 


Fold Change in ECm Relative to WT HIV-1 




8K^ 
461 
90M 


461 
84A 


101 
48V 
54V 
82A 


461 
47V 
50V 


lOR 
461 
82T 
84V 


30N 
SOS 
821 
88D 


54V 
7IV 
82S 


lOF 
461 
71V 
82T 
90M 


101 

48V 
71V 
82A 
90M 


48V 
54V 
71V 
82S 


101 
84V 
71V 

73S 


Total 
No. of 

TV * 

Resis- 
lant 

VfniQ(*c 


- 


HTV 

.1 


















90M. 




Amnrenavir 






1*1 




^9 


A 




A 

4 


13 


2.5 


2 


10 


4 


Nelfinavir 


14 


13 


11 


11.5 


2 


3 


43 


12 


33 


27 


12 


65 


0 


Indinavir 


IS- 


4 


10 


15 


nd 


7 


1 


10 


13 


28 


23 


43 


8 


Ritonavir 


IS 


34 


18 


20 


13 


47 


2 


20 


32 


22 


>50 


42 


10 


Saquinavir 


4 


1 


2.5 


11 


1 


2.5 


1 


3 


2.5 


12 


45 


40 


4 


Lopinavir 


8 


nd 


9 


nd 


19 


11 


nd 


nd 


7.5 


4.5 


60 


11 


6 


Tipranavir 


80 


nd 


I 


0.4 


05 


5 


0.5 


3.5 


3 


0.3 


2 


nd 


1 


94-003 


0.5 


nd 


8 


0.5 


29 


nd 


0.4 


3.5 


nd 


nd 


lid 


8 


3 






























GS 16503 


16 


1.2 


1 


04 


3.3 


1 


0.6 


0.9 


1 


0.4 


0.5 


2 


0 


GS 16571 


22 


1.8 


1 


03 


0.8 


0.6 


0.7 


0.6 


0.8 


0.2 


0.2 


0.9 


0 


GS 16587 


15 


1.5. 


1 


OJ 


2 


1 


1 


0.9 


1 


0.4 


0.4 


1 


0 



Resistance-associated mutations present in the viral protease. The highlighted changes 
rej)resent primaiy resistance mutations. 

Resistance is considered as a 5-foId and higher change in the EC50 value of the 
mutant virus relative to the wild-type virus. 
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Example Section N 



Plasma and PBMC Exposure Following Tnt ravenous and Or al Admitii^tion of Prodmg in 
Beagle Dogs " 

The phannacokinetics of a phosphonate prodrug GS77366 (Pl-monoLac-iPr), its active 
metaboHte (metabolite X, or GS77568), and GS8373 were studied in dogs foUowing 
intravenous and oral administraticm of the prodrug. 

Dose Administration and Sample Collection The in-life phase of this study was conducted 
in accordance with the USDA Animal Welfere Act and the Public Health Service PoKcy on 
Humane Care and Use of Laboratory Animals, and followed the standards for animal 
husbandry and care found in the Guide for the Care and Use of Laboratory Animals, 7* 
Edition, Revised 1 996. All animal housing and study procedures involving live animals were 
carried out at a facility which had been accredited by the Association for Assessment and 
Accreditation of Laboratory Animal Care - Intonational (AAALAC). 

Eadi animal in a group of 4 female beagle dogs was given a bolus dose of GS77366 (Pl- 
monoLac-iPr) intravenously at 1 mg/kg in a formulation containii^ 40% PEG 300, 20% 
propylene glycol and 40% of 5% dextrose. Another group of 4 female beagle dogs was 
dosed with GS77366 via oral gavage at 20 mg/kg in a fbtmulation containing 60% Vitamin-E 
TPGS, 30% PEG 400 and 10% propylene glycoL 

Blood samples were coUected pre-dose, and at 5 min, 15 min, 30 min, 1 hr, 2 hr, 4 hr, 8 hr, 12 
hr and 24 hr post-dose. Plasma (0.5 to 1 mL) was prepared fix>m each sample and kept at - 
70''C until analysis. Blood samples (8 mL) were also collected from each dog at 2, 8 and 24 
hr post dose in Becton-Dickinson CPT vacutainer tubes. PBMCs were isolated from the 
blood by centri&gation for 15 minutes at 1500 to 1800 G. After centrifiigation, the flactioo 
containing PBMCs was transferred to a 15 mL conical centrifuge tube and the PBMCs were 
washed twice with phosphate buffered saline (PBS) without Ca^* and Mg^^ The final wash 
of the cell pellet was kept at -70'*C until analysis. 

Measurement of the prodru g, metabolite X and GS8373 in nlaana and PRMr..c Forplaana 
sample analysis, flie samples were processed by a solid phase extraction (SPE) procedure 
outlined below. Speedisk C18 solid phase extraction cartridges (1 mL, 20 mg, 10 |iM, from 
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J.T. Bakw) were conditioned wMi 200 of methanol followed by 200 hL of water. An 
aliquot of 200 ^iL of plasma sample was applied to each cartridge, followed by two washing 
steps each with 200 yL of deionized water. The compoxmds were eluted from the cartridges 
with a two-step process each with 125 pL of metiianoL Each well was added 50 pL of watw 
and mixed. An aliquot of 25 jiL of the mixture was hyected onto a ThermoFinnigan TSQ 
Quantum LC/MS/MS system. 

The column used m liquid chromatography was HyPURTTY® CI 8 (50 x 2.1 mm, 3.5 um) 
from Thamo-Hypersil. Mobile phase A contained 10% acetonitrile in 1 0 mM ammonium 
formate, pH 3.0. Mobile phase B contained 90% acetonitrile in 10 mM ammonium foimatB, 
pH 4.6. The chromatography was carried out at a flow rate of 250 pLAnin under an isocratic 
condition of 40% mobUe phase A and 60% mobile phase B. Selected reaction monitoring 
iSRM) were used to measure GS77366, GS8373 and Metabolite X with the positive 
ionization mode on the electrospt^ probe. The limit of quantitation (LOQ) was 1 nM for 
GS77366. GS8373 and GS77568 O^fetaboUte X) in plasma. 

FotPBMC sample analysis, phosjAate buffered saline (PBS) was added to each PBMC pellet 
to bring the total sample volume to 500 pL in each sample. An aUquot of 150 pL from each 
PBMC sanq>le was mked with an equal volume of methanol, followed by the addition of 700 
HL of 1% formic acid in water. Tbe resulting mixture was q)plied to a Speedisk C18 solid 
phase extraction cartridge (1 mL, 20 mg, 1 0 um, from J.T. Baker) which had been 
conditioned as described above. The compounds were eluted with methanol after washing 
the cartridge 3 tunes with 10% methanol. The solvent was evaporated under a stream of Na, 
and the sample was reconstituted in 150 pL of 30% methanol. An aliquot of 75 pL of the 
solution was injected for LC/MS/MS analysis. Ibe limit of quantitation was 0.1 ng/mL in the 
PBMC suspension. 

Phannacokinetic Calculations. The pharmacokinetic parameters were calculated using 
WinNonlin. Noncompartmental analysis was used for aU phantnacokinetic calculation. The 
intracellular concenirations m PBMCs wae calculated from the measured concentrations in 
PBMC suspaision on the basis of a reported volume of 0.2 picoliter/cell (B,L. Robins, R.V. 
Srinivas, CJKim, NJBischofberger, and AJFridland, (1998) Antimicrob, Agents Chemother. 
42, 612). 
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Plasma and PBMC Concentration-time Profiles. 

The concentration-time profiles of GS77366, GS77568 and GS8373 in plasma and PBMCs 
following intravenous dosing of GS77366 were compared at 1 mg/kg in dogs. The data 
demonstrate that the prodrug can effectively deliver the active components (metabolite X and 
GS8373) into cells fbst are primarily responsible for HIV replication, and that the active 
components in these cells had much longer half-life than in plasma. 
.The pharmacokinetic properties of GS77568 in PBMCs following oral administration of 
GS77366 in dogs are compared with that of nelfinavir and amprenavir, two marketed HTV 
protease inhibitors (Table 3). These data show that tiie active component (GS77568) from 
the phosphonate prodrug had sustained levels in PBMCs compared to nelfinavir and 
amprenavir. 

Table 3. Comparison of GS77568 with nelfinavir and amprenavir in PBMCs 
following oral administration in beagle dogs. 



Compound 


Dose 


tm(hr) 


AUCp.24lir) 


Nelfinavir 


17 J mg/kg 


3.0 hr 


33,000 oM-lir 


Amprenavir 


20 mg/kg 


1.7 hr 


102,000 nM-iir 


GS77568 


20mgykgofGS77366 


>20hr 

• 


42,200 iiM-hr 
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Intracellular Metabolism/Iii Vitro Stability 

1 . Uptake and Persistence in MT2 cells, quiescent and stimulated PBMC 
The protease inhibitor (PI) phosphonate prodrugs undergo rapid cell uptake and metabolism 
to produce acid metabolites including the patent phosphonic acid. Due to the presence of 
charges, the acid metabolites are significantly more persistent in the cells than non-charged 
Pr s. In order to estimate the relative intracellular levels of the dififer^nt PI prodrugs, tiiree 
compounds representative of three classes of phosphonate PI prodrugs - bisamidate 
phosphonate, monoamidate phenoxy phosphonate and monolactate phenoxy phosphonate 
(Figure 1) were incubated at 10 jiM for 1 hr with MT-2 cells, stunulated and quiescent 
peripheral blood mwionuclear cells (PBMC) (pulse phase)* After incubation, the cells were 
washed, resuspended in the cell culture media and mcubated for 24 hr (chase phase). At 
specific time points, the cells were washed, lysed and the lysates were analyzed by HPLC 
with UV detection. Typically, the ceU lysates were centrifiiged and 100 uL of the supematan 
were mixed with 200 jiL of 7.5 uM amprenavir (Internal Standard) in 80% acetonitrile/20% 
water and mjected into an HPLC system (70 pL). 

HPLC Conditions: 

Analytical Column: Prodigy ODS-3, 75 x 4.6, 3u + C18 guard at 40°C 
Gradient: 

Mobile Phase A: 20 mM ammonium acetate in 10% ACN/90% H2O 
Mobile Phase B: 20 mM ammonium acetate in 70% ACN/30% H2O . 
30- 1 00%B in 4 min, 1 00%B for 2 min, 30%B for 2 mm at 2.5 mL/mm. 
Run Time: 8 min 
UV Detection at 245 nm 

Concentrations of Intracellular metabolites were calculated based on cell volume 02 jiL/mLn 
cells for PBMC and 0.338 fxL / mLn (0,676 uL / mL) for MT-2 cells. 

Chemical Structures of Selected Protease Inhibitor Phosphonate Prodrugs and Intracellular 
Metabolites: 
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Ri R2 



OCH 



Table 4: 



GS 
No. 


Rl 


R2 


ECsg 

(nM) 


8373 


OH 


OH 


4,800± 1,800 


16503 


HNCH(CH3)C00Bu 


HNCH(CH3)C00Bu 


6.0±1.4 


16571 


OPh 


HNCH(CH3)C00Et 


15*5 


17394 


OPh 


OCHCCHaX^OOEt 


20±7 


16576 


OPh 


HNCH(CH2CH3)C00Et 


12.6±4.8 


MetX 


OH 


HNCH(CH3)C00H 


>1 0,000 


Met 
LX 


OH 


0CH(CH3)C00Et 


1750±354 



A significant uptake and conversion of all 3 compounds in all cell types was observed (Table 
4). The Intake in the quiescent PBMC was 2-3-fold greater than in the stimulated cells. GS- 
16503 and GS-16571 were metabolized to Metabolite X and GS-8373. GS-17394 
metabolized to the Metabolite LX. Apparent intracellular half-lives were similar for all 
metabolites in all cell types (7-12 hr). A persistence of Total Add Metabolites of Protease 
Inhibitor Prodrugs in Stimulated (A), Quiescent PBMC (B) and MT-2 Cells (C) (1 hr, 10 uM 
Pulse, 24 hr Chase) was observed. 



2. Uptake and Persiste nce in SHm nlated and Quiescent T>cella 

Since HIV mainly targets T-lymphocytes, it is important to establish the uptake, metabolism 
and persistence of the metabolites in the human T-cells. In order to estimate the relative 
intracellular levels of the different PI prodrugs, GS-16503, 16571 and 17394 were incubated 
at 10 ^lM for 1 hr with quiescent and stimulated T-cells (pulse phase). The prodrugs were 
compared with a non-prodrug PI, nelfinavir. After incubation, the cells were washed, 
lesjispended in the cell culture media and incubated for 4 hr (chase phase). At qiecific time 



SUBSTITUTE SHEET (RULE 26) 



wo 2004/096818 PCT/EP2003/012423 

716 

points, the cells were washed, lysed and the lysates were analyzed by HPLC with UV 
detection. The sample preparation and analysis were similar to the ones described for MT-2 
cells, quiescent and stimulated PBMC. 



) Table 5 demonstrate the levels of total acid metabolites and conresponding prodrugs in T- 
cells following pulse/chase and continuous incubation. There was significant cell 
uptake/metabolism in T-lymphocytes. There was no apparent difference in uptake between 
stimulated and quiescent T-lymphocytes. There was significantly higher uptake of 
phosphonate PPs than nelfinavir. GS 17394 demonstrates higher intracellular levels than 

\ GS 1 657 1 and GS 1 6503* The degree of conversion to acid metabolites varied between 
different prodrugs. GS-1 7394 demonstrated the hi^est degree of conversion, followed by 
GS-16503 and GS-16571 , The metabolites, generally, were an equal mixture of the mono- 
phosphonic acid metabolite and GS-8373 except for GS-1 7394, where Metabolite LX was 
stable, with no GS-8373 formed. 



Table 5. Intracellular Levds of Metabolites and Intact Prodrug FoUowing Continaons 
and 1 hr PnIse/4 hr Chase Incnbation (10 mLn celIs/1 mL) of 10 pM PI 

Prodrugs and Nelfinavir with Qniescent and Stimulated T-cell 







Continuous Incubation 


1 hr Pulse /4 far Chase 


Compound 




Quiescent T-celk 


Stimulated T-ceUs 


Quiescent T-cells 


Stimulated T-cells 


Time 


Acid Met 


Prodrug 


Acid Met 


Prodrug 


Acid Met 


Prodrug 


Acid Met 


Prodrug 




(h) 


OiM) 


(m 


(nM) 


(mM) 


(mM) 


(MM) 


(MM) 


(hM) 




0 


1180 


42 


2278 


0 


2989 


40 


1323 


139 


16503 


2 


3170 


88 


1083 


116 


1867 


4 


1137 


31 




4 


5262 


0 


3198 


31 


1054 


119 


1008 


0 




0 


388 


1392 


187 


1417 


1042 


181 


858 


218 


16571 


2 


947 


841 


1895 


807 


1170 


82 


1006 


35 




4 


3518 


464 


6147 


474 


1176 


37 


616 


25 




0 


948 


1155 


186 


1194 


4480 


14 


2818 


10 


17394 


2 


7231 


413 


3748 


471 


2898 


33 


1083 


51 




4 


10153 


167 


3867 


228 


1548 


39 


943 


104 




0 




101 




86 




886 




1239 


Nelfinavir 


2 




856 




846 




725 




770 




4 




992 




1526 




171 




544 
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3. PBMC Uptake and Metabolism of Selected PI Ptpdnigs Following 1 -hr Incubation in MT- 
2Cellsat 10>5andl u M 

To were similar to the determine if the cell uptake/metabolism is concentration dependent, 
selected PPs were incubated with the 1 mL of MT-2 cell suspension (2.74 mLn cells/mL) for 
1 hr at 37^C at 3 different concentrations: 10, 5 and 1 fiM. Following incubation, cells were 
washed twice with the cell culture medium, lysed and assayed using HPLC with UV 
detection. The sample preparation and analysis ones described for MT-2 cells, quiescent and 
stimulated PBMC Intracellular concentrations were calculated based on cell count, a 
published single cell volume of 0.338 pi for MT-2 cells, and concentrations of analytes in cell 
lysates. Data are shown in Table 6. 

Uptake of all three selected PFs in MT-2 cells ^ears to be concentration-independent m the 
1-10 pM range. Metabolism (conversion to acid metabolites) appeared to be concentration- 
dependent for OS-1 6503 and QS-16577 (3-fold increase at 1 pM vs. 1 0 \M) but independent 
for GS-17394 (monolactate). Conversion from a respective metabolite X to GS-8373 was 
concentration-independent for botti GS-16503 and GS-16577 (no conversion was observed 
for metabolite LX of GS-17394). 



Table 6. Uptake and Metabolism of Selected PI Prodrugs Following 1-hr Incubation in 
MT-2 Cells at 10, 5 and 1 jiM. 





Extracellular 


Cell-Assosiated Prodrug and M^abolites 


% 


Compound 


Q}iicentratioii, pM 


Concentratioii, fM 




Conversion 














to acid 






Metabolite X 


GS8373 


Prodrug 


Total 


metabolites 




10 


1358 


0 


635 


1993 


68 


GS-17394 


5 


916 


0 


449 


1365 


67 




1 


196 


0 


63 


260 


76 




10 


478 


238 


2519 


3235 


22 


GS-16576 


5 


250 


148 


621 


1043 


40 




1 


65 


36 


61 


168 


64 




10 


120 


86 


1506 


1712 


12 


GS-i6S03 


5 


58 


60 


579 


697 


17 




1 


12 


18 


74 


104 


29 
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* For GS 1 6576, Metabolite X is mono-aminobutyric acid 

4, PBMC Uptake and M etabolism of Selected PI Prodrugs Follow ing 1-hr Tncuhatinn m 
Human Whole Blood at 10 \M. 

In order to estimate the relative intracelliiiar levels of the different PI prodrugs under 
conditions simulating the in vivo envfronment, compounds representative of three classes of 
phosphonate PI prodrugs - bisamidate phosphonate (GS-1 6503), monoamidate phenojQ^ 
phosphonate (GS-16571) and monolactate phenoxy phosphonate(GS-l 7394) were incubated 
at 10 ^iM for 1 hr with intact human whole blood at 37^C. After incubation, PBMC were 
isolated, then lysed and the lysates were analyzed by HPLC with UV detection. The results 
of analysis are shown in Table 7. There was significant cell uptake/metaboUsm foUowing 
incubation in whole blood. There was no apparent difference in uptake between GS-1 6503 
and GS-1657L GS-1 7394 demonstrated significantly higher intracellular levels than GS- 
16571 and GS-1 6503. 

The degree of conversion to acid metabolites varies between differrait prodrugs after 1 hr 
incubation. GS-17394 demonstrated the highest degree of conversion, followed by GS-16503 
and GS-16571 (Table 7). The metabolites, generally, were an equimolar mixture of the 
mcmo-phosphonic acid metabolite and GS-8373 (parent acid) except for GS-17394, where 
Metabolite LX was stable wifli no GS-8373 formed. 

Table 7. PBMC Uptake and Metabolism of Selected PI Prodrugs Following l-hr 
Incnbatioii in Human Whole Blood at 10 yM (Mean ± SD» N=3). 





Intracellular Prodrug and 


Major 


GS# 


Metabolites Concentration, pM 


Intracellular 










Metabolites 




Acid Metabolite 


Piodrug,|jM 


Total, fiM 




16503 


279 ± 47 


61 + 40 


340 ±35 


X, GS-8373 


16571 


319±112 


137 ± 62 


432 ± 208 


X, GS-8373 


17394 


629 ± 303 


69 ±85 


698 ± 301 


LX 
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* PBMC Intracellular Volume = 0.2 jjL/mln 
5. Distribution of PI Prodrusas in PBMC 

In order to compare distribution and persistence of PI phosphonate prodrugs with those of 
non-prodrug Prs, GS-16503, GS-17394 and nelfinavir, wctc incubated at 10 }jM for 1 hr with 
PBMC (pulse phase). After incubation, the cells were washed, resuspended in the cell culture 
media and incubated for 20 more hr (chase phase). At specific time points, the cells were 
washed and lysed. The cell cytosol was separated from membranes by centriiugation at 9000 
xg. Both cytosol and membranes were extracted with acetonitiile and analyzed by HPLC 
with UV detection. 

Table 8 shows the levels of total acid metabolites and corresponding prodrugs in die cytosol 
and membranes before and aj^ flie 22 hr chase. Both prodrugs exhibited complete 
conversion to the acid metabolites (GS-8373 and X for GS-16503 and LX for GS-17394, 
respectively). The levels of the acid metabolites of the PI phosphonate prodrugs in the 
cytosol fi-action were 2-3-fold greater than those in the membrane fraction after the 1 hr pulse 
and 1 0-fold greater after the 22 hr chase. Nelfinavir was present only in the membrane 
fractions. The uptake of GS-^17394 was about 3-fold greater than that of GS-16503 and 30- 
fold greater than nelfinavir. The metabolites were an equimolar mixture of metabolite X and 
GS-8373 (parent acid) for GS-16503 and only metabolite LX for GS-17394. 
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Table 8. Uptake and Cell Distribntioo of Metabolites and Intact Prodrugs Following 
Continuons and 1 hr PuIse/22 hr Chase Incnbation of 10 pM PI Prodrugs and 
Nelfinavir with Qniescent PBMC 









Cdl-Assodated PI, pmol/mln cells 


GS# 


Cell 


Fraction 


Ihr Pulse/ 0 hr Chase 


Ihr Pulse/ 22 bi Chase 


Type 


Acid 
Metabolites 


Prodrug 


Acid 
Metabolites 


Prodrug 


GS-16503 


PBMC 


Membrane 


228 


0 


9 


0 


GS-16503 


PBMC 


Cytosol 


390 


0 


130 


0 


GS-17394 


PBMC 


Membrane 


335 


0 


26 


0 


GS-17394 


PBMC 


Cytosol 


894 


0 


249 


0 


Nelfinavir 


PBMC 


MemtMrane 




42 




25 


Nelfinavir 


PBMC 


Cytosol 




0 




0 



Uptake and cell distribution of metabolites and intact prodrugs following 1 hr pulse/22 hr 
chase incubation of 10 PI prodrugs and Nelfinavir with quiescent PBMC were measured. 



6. PBMC Extract/Dog Plasma/Human Serum Stability of Selected PI Prodrugs 

The in vitro metabolism and stability of the PI phosphonate prodrugs were determined in 
PBMC extract, dog plasma and human serum (Table 9). Biological samples listed below 
(1 20 |iL) were transferred into an 8-tube strip placed in the alumimmi 3TC heating 
block/holder and incubated at 37'^C for 5 min. Aliquots (2.S pL) of solution containing 1 
mM of test compounds in DMSG, were transferred to a clean 8-tube strip, placed in the 
aluminum 37^C heating block/holder. 60 pL aliquots of 80% acetonitrile/20% water 
contaming 7.5 |xM of amprenavir as an internal standard for HPLC analysis were placed into 
five 8-tube strips and kept on ice/refiigerated prior to use. An enzymatic reaction was started 
J by adding 120 nL aliquots of a biological sample to the strip with the test compounds usmg a 
multichaimel pipet The strip was immediately vortex-mixed and the reaction mixture (20 
jiL) was sampled and transferred to the Internal Standard/ACN strip. The sample was 
considered the time-zero sample (actual time was 1-2 min). Then, at specific time points, the 
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reaction mixture (20 fxL) was sampled and transferred to the corresponding IS/ACN strip. 
Typical sampling times were 6, 20, 60 and 120 min. When all time points were sampled, an 
80 fiL aliquot of water was added to each tube and strips were centrifiiged for 30 min at 
SOOOxG. The supematants were analyzed with HPLC under the following conditions: 

Column: Inertsil ODS-3, 75 x 4.6 mm, 3 pm at WC. 

Mobile Phase A: 20 mM ammonium acetate in 10%ACN/90%water 

Mobile Phase B 20 mM ammonium acetate in 70%ACN/30%water 

Gradient: 20% B to 100% B m 4 min, 2 min 100% B, 2 min 20% B 

Flow Rate: 2 mL/min 

Detection: UV at 243 nm 

Run Time: 8 min 

The biological samples evaluated wete as follows: 

PBMC cell extract was prepared from fresh ceUs using a modified published procedure (A. 
Pompon, L Lefebvre, J-L. Imbach, S. Kahn, and D. Farquhar, Antiviral Chemistry & 
Chemotherapy, 5, 91 - 98 (1994)). Briefly, fte extract was prepared as following: The cells 
were sqparated from their culture medium by centrifiigation (1000 g, IS min, ambient 
temperature). The residue (about 100 ^L, 3.5 x 10^ cells) was resuspended in 4 mL of a 
buffer (0.010 M HEPES, pH 7.4, SO mM potassiimi chloride, 5 mM miagnesium chloride and 
5 mM dl-dithiothreitol) and sonicated. The lysate was centiifuged (9000 g, 1 0 min, 4°C) to 
remove membranes. The upper layer (0.5 mg protein/mL) was stored at — 70*^C. The reaction 
mixture contained the cell extract at about 0.5 mg protein/mL. 

Human serum (pooled normal human smsm from George King Biomedical Systems, Inc.). 
Protein concentration in the reaction mixture was about 60 mg protein/mL. 

Dog Plasma (pooled normal dog plasma (EDTA) from Pel Freez, Inc.). Protem 
concentration in the reaction mixture was about 60 mg protein/mL. 
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Table 9; PBMC Extract/Dog Plasma/Human Serom Stability of Selected PI 
Prodrugs 



GS# 


PBMC 
Extract^ 
Ti/2.mm 


Dog 
Plasma 

Ti/2,min 


Human 
Serum 

Ti/2,mm 


HIVEC50 
(nM) 


16503 


2 


368 


»400 


6.0 ±1.4 


16571 


49 


126 


110 


15±5 


17394 


15 


144 


49 


20±7 
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Example Section P 

Table 10: Enzymatic and Celhilar data 



Fomnila fl ALPPI activity 



H 



Amprenavir \s5**' 




OCH- 



94-003 



KilpM) 

^10 -H-f 

>10to^lOO ++ 

> 100 to <. 1.000 + 

> 1,000 

^50 +++ 

>50to^500 ++ 

> 500 to <. 5,000 + 

> 5,000 

I50V and I84V/L90M fold change 

>30 +++ 

> 10 to < 30 ++ 
>3to<10 + 
^3 

:S5 ++ 

>5to^50 + 
>50 
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Compouod 


Ki 

(pM) 


EC5O 

(nM) 


I50V (#1) 
fold change 


I50V 
(#2) 
fold 
change 


I84V/L90 
M 
fold 
change 


(uM) 


SdnuiTiavtr 


-H- 


+4+ 






1 It 




Nelfinavir 


+ 

■ 


+++ 

1 1 V 




1 


III 




Indmavir 


+ 


+4+ 




+ 


+++ 




Ritonavir 


++ 


+++ 


-H- 


++ 


+++ 




Lppinavir 




1 1 1 

T 1 1 


++ 


I 1 '1" 


++ 




Afflprenavir 


+ 


4++ 


+++ 


+4+ 


++ 




Atazanavir 




H-H- 






+++ 




Tipranavii 




"1 






+ 




94-003 


-m- 


-H-h 


+++ 


+++ 


-H- 


+ 


TMC114 


111 

T XT 




++ 


++ 







Pl-Phosphonic acid and estets 
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Rl 


R2 


Ki 

(pM) 


ECso 
(nM) 


I50V (#1) 
fold change 


I84V/L90M 
fold change 


CC5o(uM) 


OH 


OH 


+++ 


+ 








OMe 


OMe 


++ 


1 I"!' 








OEt 


OEt 


+++ 


1 11 






V 

• 


OClfcCFj 


OCHaCFs 


++ 










OiPr 


OiPr 


++ 


TIP 








OPh 


OPh 




+++ 








OMe 


OPh 


++ 


+++ 








OEt 


OPh . 


1 t > 
I 1 ^ 


+++ 








OBn 


OBn 


-H- 


+++ 


— 


— 


+ 


OEt 


OBn 


++ 










OPoc 


OPoc 












OH 


OEt 




-H- 








OH 


OPh 










t 


OH 


OBn 

■ 




+ 
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Pl-Phosphonic acid and esters 




PCT/EP2003/012423 




Rl 


R2 


Ki 

(pM) 


ECjo 
(nM) 


I50V(#1) 
fold change 


I84V/L90M 
fold change 


CCsoChM) 


OH 


OH 


+++ 


+ 








Et 


Et 


4-H- 


■ 1 t 1 
1 1 i 









■ 

Pi-Direct phosphonic acid and esters 




0CH3 



Rl 


R2 


Ki 
(pM) 


EC50 
(nM) 


I50V (#1) 
fold change 


I84V/L90M 
fold change 




OH 


OH 


++ 










OEt 


OEt 


* 1 * 
T I 1 


+++ 


+ 




1 
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Pl-CH2-phosphomc acid and esters 




OCH 



Rl 


R2 


Ki 
(pM) 


ECso 
(nM) 


I50V (#1) 
folddiange 


I84V/L90M 
fold change 


CCsoyM 


OE 


OE 


+++ 


+++ 


+ 


+ 
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en"-! 

4 I 





OCH: 



R1 




JSJ 

(pM) 


(nM) 


fold change 


l64V/LyOM 

fold change 


MM 


NHEt 


NHEt 












Gly-Et 


Gly-Et 


++ 


-H- 








Gly-Bu 


Gly-Bu 


+++ 










Ala-Et 


Ala-Et 


++ 










Ala-Bu 


Ala-Bu 


++ 




+ 






Aba-Et 


Aba-Et 












Aba-Bu 


Aba-Bu 




•HH- 


++ 


+ 




Val-Et 


Val-Et 


+ 


+++ 








Leu-Et 


Leu-Et 




-HH- 








Leu-Bu 


Leu-Bu 


++ 


-H- 








Phe-Et 


Phe-Et 




-HH- 








Phe-Bu 


Phe-Bu 













Pl-P-Bislactates 




OCH3 



Rl 


R2 


Ki 
(pM) 


EC50 

(nM) 


I50V (#1) 
fold change 


I84V/L90M 

fold change 


CC50 


Glc-Et 


Glc-Et 


+++ 


+ 








Lac-Et 


Lac-Et 


■H- 










Lac-iPr 


Lac-iPr 


-hf 
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OCH 



3 



Rl 


R2 


Ki 

(pM) 


(nM) 


I50V(#n 

fold change 


I84V/L90M 
fold change 




OPh 


Gly-Bu 


++ 


4+ 


— 


. — 




OPh 


Ala-Me 


++ 


44+ 




— 






Ala T!* 


1 1 1 
1 t P 


1 1 1 
+4+ 


— 


— 




OPh 


Ala-iPr 


++ 


444 








OPh 


Ala-iPr 


+++ 


44+ 








OPh 


Ala-iPr 


++ 


+++ 


• 






OPh 


(D)Ala-iPr 


-H- 


+4+ 








OPh 


(D)Ala-iPr 


+++ 


4+4 


- 






OPh 


(D)Ala-iPr 


44+ 


444 






■ 


OPh 


Ala-Bu 


44 


444 








OPh 


Ala-Bu 


44 


4++ 








OPh 


Aia-Bu 


1 1 


444 








OPh 


Aba-Et 




+4+ 








OPh 


Aba-Et 




++4 








OPh 


Aba-Et 




44 








OPh 


Aba-Bu 




444 


4 






OPh 


Aba-Bu 




44 








OBn 


Ala-Et 


44+ 


4+4 








OH 


Ala-OH 


444 










OH 


Ala-Bu 
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Pl-P-Monolactates (1) 



O R 

Rl Ra 

^ I Ki 1 ECm I I50V (#1) I I50V (#2) I I84V/L90M 
(pM) (hM) fold change foldcWge fold change 



Rl 


R2 


Ki 
(pM) 


ECjo 
(nM) 


I50V (#1) 
fold change 


I50V (#2) 
fold change 


I84V/L90M 

fold change 


CCsofiM 


OPh 


GIc-Et 


+++ 
III 


+44- 
111 






— 




OPh 


X^CIw^lYlV 




1 r 










OPh 


Lac-Et 




-lit 
ill 










OPh 


Lac-Et 


+++ 


-H-i- 










OPh 


Lac-Et 


-H- 


+4+ 


- 








OPh 


Lac-iPr 


++ 


-H-f 










OPh 


Lac-iPr 


+++ 


+++ 










OPh 


Lac-iPr 


++ 


+++ 










OPh 


Lac-Bu 


-H- 


++ 






— 




OPh 


Lac-Bu 


++ 


•H- 


■ 








OPh 

V/X 11 




1 1 
\ 1 


4-4- 










OPh 


Lac-EtMor 














OPh 


Lac-PrMoi 














OPh 


(R)Lac-Me 


+++ 












OPh 


(R)Lac-Et 


ill 


-It 1 
1 1 1 










OEt 


Lac-Et 




++ 










cxaijCFs 


Lac-Et 














OBn 


Lac-Bn 


++ 


"1 'I" 










OBn 


(R)Lac-Bn 














OH 


Lac-OH 














OH 


(R)Lac-OH 


-H- 


+ 
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Pl-P-Monolactates (2) 

H 9" 



Ri R2 

j Ki I EC50 I I50V (#1) I I84V/L90M I CC50 







(pM) 


(nM) 


i50V (#1) 

fold change 


JO ATT /r A ATI if 

184V/L90M 
fold change 


CC50 


OPh 


mix-Hba-Et 


++ 

t 


+++ 


+ 




» 


OPh 


(S)Hba-Et 


+ 


-hH- 








OPh 


(S)Hba-tBu 




+++ 








OH 


(S)Hba-OH 


++ 










OPh 


(R)Hba-Et 




I 1 ' l" 








OPh 


(S)MeBut-Et 




44-f 








OPh 


(R)MeBi[t-Et 




111 
1 1 1 








OPh 


DiMePro-Me 


1 1 
1 1 










OPh 


(S)LaoEtMQr 












OPh 


(S)Lac-PrMor 












OPh 


(S)Lac-EtPip 




-H- 
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Pl-P-Monolactates (3) 




OCH 



3 



Rl 


1 R2 


Ki 

XVI 

(pM) 


(hM) 


fold change 


lo4V/LyuM 
fold change 


CCsojiM 


^./rii— <i-i-i>iii 


(S}Lac-Et 




+++ 








OPh — p-n-Od 






1 


1 






OPh— /^^>•But 


fS^Lac-Et 




1 \ \ 1 








OPh-m-COOBn 


fS)Lac-Et 




i 4-^ 

1 1 r 








OPh-TO-COOH 


rS)Lac-Et 




1 -H- 

1 1 r 


1 






OPh-m-CftOH 


fS)Lac-Et 




1 

1 i 




— 




OPh.w-CH2NH2 


(S)Lac-Et 


++ 


1 ++ 








OPh-iit^ 
CH2MM62 


(S)Lac-£t 












OPh-iw-CHzMor 


(S)Lac-Et 




-H- 








OPh-iw-CHzPip 


(S)Lac-a 




++ 








OPh-m- 
CH2NMeC20M 


(S)Lac-Et 




++ 








OPh-<>-OEt 


(S)Lac-Et 




+-H- 








ONMez 1 


(S)Lac-Et 




1 








OPip 


(S)Lac-£t 




+ 








GMor 


(S)Lac-Et 
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6^ 




OCH3 



Rl 


R2 


Ki 

(pM) 


EC50 

(nM) 


I50V(#1) 
fold change 


I84V/L90M 
fold change 


CC50MM 


-OCzttjOBn 




+^^- 










OEt 




-hhf 








OPh 


Lac-Et 




++ 








OH 


OH 


++ 










OH 


Lac 
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Pl-CHaN-P-diester and monolactate (1) 



H 
N 



OH 




•OCH3 

CH2-NHCH2CH2P-0R1 

0R2 
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Pl-CH2N-P-diester and monolactate (2) 



o 





CH2-NCH2CH2P — ORt 

OR2 



Ri 


1 Rz 


Ki 
(pM) 


EC5O 
(21M) 


I50V (#1) 
fold change 


I84V/L90M 
fold change 


CCs 


Ph 


Lac-£t 


+ 

* 


-H- 




+ 




H 


H 













Pl-CHaN-P-diester and monolactate (3) 



OH 



H 




CH=N-0-CH2P— ORi 



OR2 



Ri 




Ki 
(pM) 


EC50 
(nM) 


I50V (#1) 
folddhange 


184V/L90M 
fold change 


CCjohM 


Et 


Et 


++ 


+++ 









SUBSTITUTE SHEET (RULE 26) 



wo 2004/096818 



736 



Pl-N-Pl-Phosphonic acid and esters (1) 

OH 



3^ 



PCT/EP2003/012423 




OCH3 



Rl 


Ki 
(pM) 


(nM) 


I50V(#1) 
fold 

VluUIgC 


1 I84V/L90M 
fold change 


CCsomM 




— 


++ 








N f OF* 


— 


1" 1" 








^ N-CH2-P-OH 

f- 


— 










OB 


4+ 






+ 
















y — \ n 

|— ^ N-CHz-P^H 

Lac 


— 










/ — \ ^ 


+ 


++ 
















+" 




f-^N-CiH^P-OPh 












J-^N-C2H4P-OH 

Lap. 












}-i N-CzHjP-OH 
^— ' OH 












/ — V ° 
^-N Vc2H4P-oa 

OB 


+ 






+ 
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Pl-N-Pl-Phosphonic acid and esters (2) 



H 
N 



OH 



O 




Ri 



PCT/EP2003/012423 




OCH 



Rl 


(pM) 


ECso 
(nM) 


I50V (#1) 
fold change 


I84V/L90M 
fold change 


1 CCfopM 


0 


+ 


+ ■ 




+ 




0 


4+ 


H"l' I" 


• 


+ 




o 


++ 


+++ 






1 1 




++ 


-H- 




— 








•H-f 










++ 


-H-h 


* 


+ 




Me II 










1 






t { I. 
Ill 




1 1 1 

"TT 


















+ 


+f+ 


1 1 1 

T i r 






















. +-H- 


++ 


+ 
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Pl-N-Pl-Phosphonic acid and esters (3) 



Rl 


Ki 
(pM) 


ECso . 
(hM) 


I50V (#1) 
fold change 


I84V/L90M 
fold change 


CCsouM 


o 

c r-i }-cH2-p-0B 


1 1 


t 1 i 

r'l r 




+ 

• 




S ^ >CH2-P-0Ph 
l^\_y-^ Lao^t 


+ 


++ 

■ w 


— 

1 


4- 




c. /— ^r~!^0CH2-P-0Ph 


+ 


•H- 


+ 


+ 




c r-^T^OCHz-P-OH 

Lac 


+ 










<, /~'^r~^'^"2-p-0H 
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Pl-N-Pl-Phosphonic acid and esters (4) 




Ri 



OCH 



Rl 



o 



>-NHCH2— P-OH 
OH 



^NHCHg-P-OEt 



an ^ 
NHCH2— P-OBn 

OBn 



>NHCH2-P~0Ph 
— Ala-iPr 

NHCH2— P-OPh 
Ald-iPr 



^NHCHz-P-OPh 
AbHPr 

^ >NHC2H4-P-OPh 

Lao-Et 

|-^^NHC2H4-P-OPh 

Lac-Et 

^ /^NHC2H4-P-OH 

OH 



Ki 
(pM) 



+++ 



4-1- 



++ 



^ >NHC2H4— P-OH 



Lac 



EC50 

(hM) 



+++ 



+++ 



4-H- 



+++ 



I50V(#1) 
fold change 



I84V/L90M 
fold change 



CCsomM 
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PI - P-cycIic monolactate 






R2 


Ki 

(pM) 


EC50 
(dM) 


I50V (#1) 
fold change 


I84V/L90M 
fold change 


CCsomM 






nd 














nd 


nd 
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Pr-N-Pl-Phosphonic acid and esters 



PCT/EP2003/012423 



QH 

N 





0CH3 



Rl 


R2 


Ki 

(pM) 


EC50 

(nM) 


I50V (#1) 
fold change 


I84V/L90M 
fold change 


CCsouM 


CH^ 




-H- 


+++ 
III 


-1 t 












1 \ \ 
\ \ \ 




— 




CH2OH 


* 


III 

I'TT 


\'\^ 


— 


— 


- 


OBn 






+++ 


— 


— 




OH 






++ 








OBn 






+-H- 
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Pr-Phosphonic acid and esters 
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P2-Mono£uran-Pl-phosphomc acid and esters 
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P2-0ther modifications-Pl-phosphonic acid and esters 
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P2*-Aimno-Pl-phosphonic acid and esters 
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P2*-Substituted-Pl-phosphonic acid and esters (1) 
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P2'-Substituted-Pl-phosphomc acid and esters (2) 
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P2'-AIkylsulfoiiyl-Pl-phosphomc acid and esters 
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P2'-Carbonyl-substttuted-Pl-phosphonic acid and esters 
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P2'-Phosphomc acid and esters 
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P2'-P-Bisamidate, monoamidate, and monolactate 
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Pl-N-P2'-Phosphonic acid and esters 
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Pl-N-P2'-P-Bisainidate and monoamidate 
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Pl-NEt-P2'-P-Bisamidate and monoamidate 
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Phosphate prodrug of ampenavir 
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Phosphate prodrug of GS77366 (Pl-mono(S)Lac-iPr) 
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Valine prodrug of (Pl-mono(S)Lac-Et) 
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Valine prodrug of GS278053 (Pl-mono(S)Lac-EtJ»2'-CH20H) 
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Table 1 1 : Enzymatic and Cellular Activity Data 
Fonnula VTTT g CCLPPT ar-tivity 
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Enzymatic assay 



Cell-based assay (MT-4) EC50/ nM 




All publications and patent applications cited herein are incoiporated by reference to 
the same extent as if each individual publication or patent application was specifically and 
mdividuaUy indicated to be incorporated by reference. 

Although certain embodiments have been described m detail above, those havmg 
orxhnaxy skiU in the art will clearly understand that many modifications a« possible in the 
embodmrents without departing from the teachings thereof. All such modifications are 
urtended to be encompassed within the claims of the invention. 
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^''^^ ""'^ ^^^"^ ^'^ ^-^ ^-"^^ Infr^^nnnc ..A rw. 
Admmnrfratt on of Candidate to Beap lR 

The phannacQkinetics of a phosphonate prodrug GS77366 (Pl-monoLac-iPr. structure shown 
below), its active metabolite (metabolite X, or GS77568). and GS8373 were studied in dogs 
following intravenous and orai administration of the candidate. 

Dose Administrafion and Santple Collection , The in-life phase of this study was conducted in 
accordance with the USDA Animal Welfere Act and the Public Health Service PoBcy on 
Humane Care and Use of Laboratory Animals, and followed the standards for animal 
husbandry and care fomid in the Guide for the Care and Use of Labontoiy Animals, 7* 
Edition, Revised 1 996. Ail animal housing and study procedmes involving Uve ani^nals were 
carried out at a faciUty wimh had been accredited by the Assodation for Assessment and 
Accreditation of Laboratoiy Animal Care - International (AAALAC). 

Each animal m a group of 4 female beagle dogs was given a bolus dose of GS77366 (Pl- 
monoLac-iPr) intravenously at 1 mg/kg in a fonmilation containing 40% PEG 300, 20% 
propj^ene glycol and 40% of 5% dextrose. Another group of 4 female beagle dogs' was dosed 
with GS77366 via oral gavage at 20 mg/kg in a formulation containing 60% Vitamin-E 
TPGS, 30% PEG 400 and 10% propylene glycol 

Blood samples were coUected pre-dose, and at 5 min. 1 5 min. 30 nun. 1 hr, 2 hr, 4 hr, 8 hr, 12 
hr and 24 hr post-dose. Plasma (0.5 to I mL) was prepared fiom each sample aiid kept at ' 
70»C until analysis. Blood samples (8 mL) were also collected fiom each dog at 2. 8 and 24 
hr post dose in Becton-Dickinson CPT vacutainer tubes. PBMCs were isolated from the 
blood by centri&gation for 15 minutes at 1500 to 1800 G. After centri&gation. the fraction 
containing PBMCs was transferred to a 1 5 mL conical centiifiige tube and the PBMCs were 
washed twice with phosphate buffered saline (PBS) without Ca^* and Mg^ Th^ final wash of 
the cell pellet was kept at -70'*C until analysis. 

Measurement of the can^e, metabolite X and r..S«^7^ "ni PP^f^- Forplasma 
sample analysis, the samples were processed by a solid phase extraction (SPE) procedure 
outlined below. Speedisk CI 8 solid phase extraction cartridges (1 mL, 20 mg, 10MM,from 
J.T. Baker) were conditioned with 200 pL of methanol foUowed by 200 fiL of water. An 
aliquot of 200 pL of plasma sample was ^plied to each cartridge, followed by two washing 
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steps each mik 200 mL of ddonized water. The compounds were eluted from the cartridges 
Willi a two-step process each with 125 jiL of methanol. Each weU was added 50 pL of water 
and mixed. An aliquot of 25 of the mixture was injected onto a HermoFmnigan TSQ 
Quantum LC/MS/MS system. 

» 

The column used in liquid chromatography was HyPURITY® C18 (50 x 2.1 mm, 3.5 pm) 
from Hienno-HypersU. Mobile phase A contained 10% acetonitrile in 10 mM ammonium 
fomiate. pH 3.0. MoWle phase B contained 90% acetonitrOe in 10 mM ammonium formate, 
pH 4.6. The chromatography was carried out at a flow rate of 250 pUmin under an isocratic 
condition of 40% mobile phase A and 60% mobile phase B. Selected i^tion monitoring 
(SRM) were used to measure GS77366, GS8373 and MetaboKte X with the positive 
ionizationmodeontheelectrosprayprobe. The limit of quantitation (LOQ) was 1 nM for 
GS77366. GS8373 and GS77568 O^tabolite X) in plasma. 

For PBMC sample anafysis, phosphate buflfeied saline (PBS) was added to each PBMC pellet 
to bring the total sample vohune to 5 00 nL in each sample. An afiquot of 1 50 nL from each 
PBMC sample was mixed with an equal volume of methanol. foUowed by the addition of 700 
HL of 1 % formic add in water. The resultmg mixture was appUed to a Speedisk CI 8 soUd 
phase extraction cartridge (1 mL. 20 mg, 1 0 um. from J.T. Baker) which had been 
conditioned as described above. Tlie compounds were eluted with methanol after washing 
the cartridge 3 times with 1 0% methanol. The solvent was evaporated under a stream of N^. 
and the sample was reconstituted in 1 50 ^ of 30% methanol. An aliquot of 75 jiL of the 
solution was mjected for LOMS/MS analysis. Tlie Umit of quantitation was 0.1 ng/mL in the 
PBMC suspension. 

Pharmacokinetic Cald,lafinns Ihe pharmacokinetic parameters were calculated using 
WinNonlin. Noncompartmental analysis was used for all pharmacokinetic calculation. The 
intracellular concentrations in PBMCs were calculated from the measured concentrations m 
PBMC suspension on the basis of a reported volume of 0.2 picoliter/cell (BX. Robins, R.V. 
Srinivas. CXun. Niischofberger. and AJridland. (1998) Antimicrob. Agents Chemother 
42, 612). 
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Plasma and PBMC CoDccatration-tim. Profiles THe following shows the concentratioi^time 
proffles of GS77366, GS77568 and GS8373 in plasma and PBMCs following intravenous 
dosing of GS77366 at 1 mg/kg in dogs. The data demonstrate that the prodrug can effectively 
deUver the active components (metaboUte X and GS8373) mto cells that are primarily 
responsible for HIV replication, and that the active components in these cells had much 
longer half-life than in plasma. 

Pharmacokinetic profiles of GS77366. GS77568 and GS8373 m plasma and PBMCs 
following intravenous administration of GS77366 at 1 mg/kg in dogs are shown in fig. 6. 

nie phamacokinetic properties of GS77568 in PBMCs foUowing oral administration of 
GS77366 m dogs are compared with that of nelfinavir and amprraiavir. two marketed HIV 
protease inhibitors. These data show that the active component (GS77568) fiom the 
phosphonate prodrug had sustained levels in PBMCs compared to nelfinavir and amprenavir. 

Concentration-time profiles of GS77568, nelfinavir and amprenavir in PBMCs following 
oral administration of GS77366 (20 mg/kg), nelfinavir (1 7.5 mg/kg) and amprenavir (20 
ig/kg) in dogs are shown in fig. 7. 



Table la. Comparison of GS77568 with nelfiaavir and amprenavir in PBMCs 
following oral admiBistmtion in beagle dogs. «"vir m rjjMCs 



Compound 



Nelfinavir 
Amprenavir 
GS77568 



Pose ti/2(hr) AUCp.34M 

17.5 mg/kg. 3.0 hr 33,000 nM-hr 

20 mg/kg 1.7 hr 102,000 nM-hr 

20 mg/kg of GS77366 >20hr 42,200 nM-hr 



hitracellular Metabolism/hi Vitro Stability 

1. Uptake and Persistence in MT2 cells, quiescent and stimulated PBMC 
The protease nihibifor (pi) phosphonate prodnigs undergo rapid cell uptake and metabolism 
to produce acid metabolites including the parent phosphonic acid. Due to the presence of 
charges, the acid metabolites are significantly more persistent in the cells than non^harged 
PI'S, hi order to estimate the relative intraceUular levels of the different PI prodnigs, three 
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phosphonale, monoamidate phenoxy phosphonate and monolactate phenoxy pbosphonate 
(Figure 1) were incubated at 10 for 1 hr with MT-2 ceUs, stimulated and quiescent 
peripheral blood mononuclear cells (PBMC) (pulse phase); After incubation, the ceUs 
washed, resuspended in the ceU culture media and incubated for 24 hr (chase phase). At 

specific time points, the cells were washed, lysed and the lysates were analyzed by OT^^ 
with UV detection. l>picaUy. the ceU lysates were centrifiiged and 100 uL of the supernatant 
were mixed with 200 of 7 J uM amprenavir (htenial Standard) in 80% acetonitrile/20% 
water and injected into an HPLC system (70 pL). 

HPLC Conditions- 

Analytical Cohmm: Prodigy ODS-3, 75 x 4.6, 3u + C18 guard at 40°C 
Giadieit: 

Mobile Phase A: 20 mM ammonium acetate in 10% ACN/90% HjO 
Mobfle Phase B: 20 mM ammonium acetate m 70% ACN/30% HjO 
30.100%B in 4 min. 100%B for 2 min. 30%B for 2 min at 2.5 mL/min. 
Run Time: 8 min 

UV Detection @ 245 nm 



Concentrations of hitracellular metaboUtes were calculated based on cell volume 02 ^L/mto 
cells for PBMC and 0.338 / min (0.676 uL / mL) for MT.2 cells. 
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Chemical Structures of Selected Protease Inhibitor Phosphonate Prodrugs and 
Intracellular Metabolites. 




OCH 



Rl R2 



GS 
No. 

8373 



16603 



16571 



17394 



16576 



MetX 



Met 
LX 



Rl 



OH 



HNCH(CH3)C00Bu 



OPh 



OPh 



OPh 



OH 



OH 



R2 

OH 

HNCH(CH^COOBu 
HNCH(CH3)C00Et 



0CH(CH3)C00Et 



HNCH(CH2CH3)C00Et 



HNCH(CH3)COOH 



0CH(CH3)C00Et 



ECso 



4,800±1,800 
6.0±1.4 



15±5 



20±7 



12.6±4.8 



>1 0,000 



175a±354 



The foregoing data demonstiates that there was a significant uptake and conversion of aU 3 
compounds in aU ceU types. The uptake m the quiescent PBMC was 2-3-fold greater than in 
the stimulated cells. GS-16503 and GS-16571 were metabolized to Metabolite X and GS- 
8373. GS-17394 metabolized to the Metabolite LX. Apparent intracellular half-lives 
similar for aU metaboKtes in all cell types (7-12 hr). 



were 



Persistence of Total Acid Metabolites of Protease Wiibitor Prodrugs in Stimulated (A) 
Quiescent PBMC (B) and Mr-2 CeUs (C) (1 hr, 10 uM Pulse. 24 hr Chase) is sho^ in' 
figures 8 to 10. 
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2. Uptake and Persistanr-ft jp Stimulated and Ouiescftnt T-opHc 

Since mV mainly targets T-lymphocytes, it is important to establish the uptake , metabolism 
and persistence of the metabolites in the human T-cells. In order to estimate the relative 
intracellular levels of the different PI prodrugs, GS-16503, 16571 and 17394 were incubated 
atlOpMforlhrwithquiescentandstimulatedT-cdls(pulsephase). Hie prodrugs were 
compared with a non-prodrug PI. nelfinavir. After incubation, the cells were washed, 
resuspended in the ceil culture media and incubated for 4 hr (chase phase). At specific time 
points, the cells were washed, lysed and the lysates were analyzed by HPLC with UV 
detection. The sample preparation and analysis were similar to the ones described for MT-2 
cells, qm'escent and stimulated PBMC. 



laoie 10 oemonstratesfhe levels of total acid metabolites and conesponding prodrugs in T- 
cells foUowing pulse/chase and continuous incubation. There was significant cefl 
uptake/metabolism in T-lymphocytes. Ttere was no apparent difference in uptake between 
Stimulated and quiescent T-Iymphocytes. There was significantly higher uptake of 

phosphonate PI'S thannelfinavir.GS17394 demonstrates higher intraceUular levels t^ 
GS16571 and GS16503. Tlie degree of conversion to add metaboKtes varied between 
differentprodrugs. GS-17394 demonstrated the highest degree of conversion, followed by 
GS-16503 and GS-1657I. TTie metaboHtes. generaUy, were an equal mixture of the mono- 
phosphonic acid metabolite and GS-8373 except for GS-1 7394. wh«e Metabolite LX was . 
stable, with no GS-8373 formed. 
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Table lb. Intracellular Levels of Metabolites and Intact Prodrug Following Continuous 
and 1 hr PuIse/4 hr Chase Incubation (10 tiM/0.7 mln cells/l mL) of 10 pM PI Prodrugs 
and Nelfinavir with Quiescent and Stimulated T-ceDs 







Continuous Incubation 


1 hr Pulse /4 hr Chase 




• 


Quiescent T-^lis 


Stimulated T-cells 


Quiescent T-cells 


Stimulated T-cells 


Compound 


Time 


Acid Met 


Prodmg 


Acid Met 


Prodrug 


Acid Met 


ProdruQ 


Acid Met 


Prodrua 




(h) 


(HM) 


(^M) 


(uM) 


(uM) 












0 


1180 


42 


2278 


0 


2989 


40 


1323 


139 


16503 


2 


3170 


88 


1083 


116 


1867 


4 


1137 


31 




4 


5262 


0 


3198 


31 


1054 


119 


1008 


0 




0 


388 


1392 


187 


1417 


1042 


181 


858 


218 


16571 


2 


947 


841 


1895 


807 


1170 


82 


1006 


35 




4 


3518 


464 


6147 


474 


1176 


37 


616 


25 




0 


948 


1155 


186 


1194 


4480 


14 


2818 


10 


17394 


2 


7231 


413 


3748 


471 


2898 


33 


1083 


51 




4 


10163 


167 


3867 


228 


1548 


39 


943 


104 


Nelfinavir 


0 




101 




86 




886 




1239 


2 




856 




846 




725 




770 




4 




992 




1526 




171 


i 


544 



I 



3. PBMC Uptake and Metabolism of Selected PI Prodrugs Following l>hr Incubation in MT- 
2 CeHs at 10. 5 and 1 p M. 

To detennine if the cell uptake/metabolism is concentration dependent, selected PPs were 
incubated with the 1 mL of MT-2 cell suspension (2.74 ndn cells/mL) for 1 hr at 37°C at 3 

I different concMtrations: 10, 5 and 1 pM. Following incubation, cells were washed twice 
with the cell culture medium, lysed and assayed usiag HPLC with UV detection. The sample 
preparation and analj^is were sunilar to flie ones described for MT-2 cells, quiescent and 
stimulated PBMC. Intracellular concentrations were calculated based on cell count, a 
published single cell volume of 0.338 pi for MT-2 ceUs, and concentrations of analytes in cell 

^ lysates. Data are shown m Table 2a. 

Uptake of all three selected PFs in MT-2 cells appears to be concentration-independent in the 
1-10 uM range. Metabolism (conversion to acid metabolites) appeared to be concentration- 
dependent for GS-16503 and GS-16577 (3-fold increase at 1 uM vs. 10 uM) but independent 
for GS-17394 (monolactate). Conversion from a respective metabolite X to GS-8373 was 

» concentration-independent for both GS-1 6503 and GS-16577 (no conversion was observed 
for metabolite LX of GS-17394). 
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Table 2a. Uptake and Metabolism of Selected PI Prodnigs FoOowing 1-hr Inra^ 
MT-2 Cells at 10, 5 and 1 fiM. 



• 


Extracellular 


Cell-Assosiated Prodrug and 


% Conversion 


Compound 


Concentration, 




Metabolites 




. to acid 






Concentration, ^M 




metabolites 




- 


Metabolite 


GS8373 


Prodrug 


Total 








X 












10 


1358 


0 


635 


1993 


68 


GS-17394 


5 


916 


0 


449 


1365 


67 




1 


196 


0 


63 


260 


76 




10 


478 


238 


2519 


3235 


22 


GS-16576 


5 


250 


148 


621 


1043 


40 




1 


65 


36 


61 


168 


64 




10 


120 


86 


1506 


1712 


12 


GS-16S03 


5 


58 


60 


579 


697 


17 




1 


12 


18 


74 


104 


29 



* For GS16576, Metabolite X is mono-aminobutyric acid 
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4. PBMC Uptake and Metabolism of Selected PI Candidates Following 1-hr Incubation in 
Human Whole Blood at 10 uM. 

In order to estimate (he relative intracellular levels of the different PI prodrugs candidates 
under conditions simidating the in vivo environment, compounds representative of three 
classes of phosphonate PI prodrugs - bisamidate jdiospbonate (GS-16S03X monoamidate 
phenaxy phosphonate (GS-16571) and monolactate phenoxy idiosphonate(GS-17394) (Figure 
1) WW incubated at 10 pM for 1 far with intact human ^ole blood at 37^C After 
incubation, PBMC were isolated, then lysed and the lysates were analyzed by HPLC with UV 
detection. 

The results of analysis are showii in Table 3. There was signijScant cell uptake/metabolism 
following incubation in whole blood. There was no apparent difference in uptake between 
GS-16503 and GS-16571. GS-17394 demonstrated significantly higher intracellular levels 
thanGS-16571 and GS-16503. 



The degree of conversion to acid metabolites varies between different prodrugs afier 1 hr 
incubation. GS-17394 demonstrated the highest degree of conversion, followed by GS-16503 
and GS-16571 . The metabolites, generally, were an equimolar mixture of the mono- 
phosphonic acid metabolite and GS-8373 (parent acid) except for GS-17394, where 
Metabolite LX was stable with no GS-8373 formed. 
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Table 3a. PBMC Uptake and Metabolism of Selected PI Prodrugs FoMowing 1-hr 
Incubation in Human Whole Blood at 10 uM (Mean ± SD, N=3). 





Intracellular Prodrug and 


Major 


GS# 


Metabolites Concentration, uM 


Intracellular 










Metabolites 




Acid Metabolite 


Prodnjg, 


Total, (iM 




16503 


279 ± 47 


61 ±40 


340 ±35 


X, GS-8373 


16571 


319±112 


137 ±62 


432 ± 208 


X, GS-8373 


17394 


629 ± 303 


69 ±85 


698 ± 301 


LX 



PBMC Intracellular Volume = 0.2 iiUmln 



5. Distrib ution of PI Prodrug Candidates in PBMr 

m order to compare distribution and persistence of PI phosphonate prodrugs with those of 
non-prodnig PFs, GS-16503. OS-17394 and nelfinavir. were iiumbated at 10 jiM fori hr with 
PBMC (pulse phase). After incubation, the cells were washed, resuspended in the ceU culture 
media and incubated for 20 more hr (chase phase). At specific time points, the cells were 
washed and lysed. The cell cytosol was separated fiom membranes by centrifiigation at 9000 
X g. Both cytosol and membranes were extracted with acetonitrile and analyzed by HPLC 
with UV detection. 



Table 4a and the accompanying bar graphs below show the levels of total acid metabolites 
and coixespondrng prodrugs in the cytosol and membranes before and after the 22 hr chase. 
Both prodrags exhibited complete conversion to the acid metabolites (GS-8373 and X for 
GS.16503 and DC for GS-17394, respectively). The levels of the acid metabolites of the PI 
phosphonate prodrugs in the cytosol fraction were 2.3-fold greater than those in the 
membrane fraction after the I hr pulse and 1 0-fold greater after the 22 hr chase. Nelfinavir 
was present only in the membrane fractions. The uptake of GS-17394 was about 3.fold 
greater than diat of GS-16503 and 30-fold greater than nelfinavir. 

The metabolites were an equunolar nuxture of metabolite X and GS-8373 (parent acid) for 
GS-16503 and only metabolite LX for GS-17394. 
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JUll'*'' ^^^t ft?" Dktributioo of Metabolites and Intact Prodnigs FoHowine 
Contmuous and 1 hr Pube/22 hr Chase Incnbation of 10 uM PI Prod^Sld ^ 
NeUinavir with Qniescent FBMC. * ri rroarags and 



GS# 


Cell 
Type 




Cell-Associatea hi. nmni/min ,^He : 1 


Frac^on 


1 nr Pulse/ 0 hr Chase 


1 hr Pulse/ 22 hr Chaso 






Add 
Metabolites 


Prodrug 


Acid 
petabolites 


Prodrug 


GS-16503 


PBMC 


Membrane 


228 






0 


GS-16503 


PBMC 


Cytosol 


390 


0 


130 


0 


GS-17394 
GS-17384 


PBMC 
PBMC 


Membrane 
Cytosol 


335 
894 


0 
0 


' 26 
249 


0 
0 


Nelfinavir 
Nelfinavir 


PBMC 
PBMC 


Membrane 
Cytosol 




0 




25 
0 



Uptake and CeD Distribution of MeiaboKtes and Intact Prodrugs Foflowing 1 hr 
Pulse/22 hr Chase Incubation of 10 nM H Prodrugs and Nelfinavir with Quiescent 
PBMC is shown in fig. 11 and fig. 12. 

6. PBMC RxtrM/OoR Plasma/H.imai, Sennn StahiHtv pj p^^„ 

The in vitro metabolism and stability of the PI pho^phouate prodrugs were detenniued in 
PBMC extract, dog plasma and human seran. Biological samples listed below (120 ^L) 
were transfened iitfo an 8-tube strip placed in the aluminum src heating block/holder and 
mcubated at 37°C for 5 min. Aliquots (2.5 ^L) of solution contaiiung 1 mM of test 
compounds in DMSO, were transferred to a clean 8-tube steip, placed m the alumimm. src 
heating block/holder. 60 yL ahquots of 80% acetonitrile^O% water containing 7 5 of 
amprenavir as an internal standard for HPLC analysis we,^ placed into five S-mbe strips and 
kept on ice/refiigerated prior to use. An enzymatic reaction was started by adding 120 mL 
aliquots of a biological sample to the strip with the test compounds usmg a multichannel 
pipet The strip was umnediately vortex-mixed and the reaction mixture (20 mL) was 
sampled and transfened to the hrtemal Standard/ACN strip. The sample was considered the 
tmie-zero sample (actual tune was 1-2 min). Then, at specific tune points, the reaction 
mixture (20 nL) was samoled and tran.sferr«H tn th^ «.rmo«o„^;»„ to / a m.T . . 
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sampling times were 6. 20. 60 and 1 20 min. When all time points were sampled, an 80 ^iL 

aliquot of water was added to each tube and strips were centrifiiged for 30 min at SOOOxG. 

The supematants were analyzed with HPLC m»der the following conditions: 

Column: hiertsU ODS-3, 75 x 4.6 mm, 3 (im at 40°C. 

Mobile Phase A: 20 mM ammoniran acetate in 10%ACN/90%water 

Mobile Phase B 20 mM ammomum acetate m 70%ACN/30%water 

Gradient 20% B to 100% B in 4 min. 2 min 100% B. 2 min 20% B 

Flow Rate: 2 mL/min 

Detection: UV at 243 nm 

Run Time: 8 min 

The biological samples evaluated were as follows: 

PBMC can extract was prepared fiom fiesh cells using a modified published procedure (A 
Pompon, I. Lefebvre. L-L. Lnbach. S. Kahn. and D. Farquhar. Antiviral Chemistry & 
Chemotherapy. 5. 91 - 98 (1994)). Briefly, the extract was prepared as following: The cells 
were separated fiom their culture medium by centri&gation ( 1 000 g. 1 5 mm, ambient 
temperature). Ihe residue (about 100fiL.3.5x 10«cells)wasresuspendedin4mLofa 

buffer(0.010MHEPES.pH7.4. 50 mMpotassiumchloridcSmMmagnesium chloride and 
5 mM dl-dithiothreitol) and sonicated. The lysate was centrifoged (9000 g. 10 mm. 4«>C) to 

removemembranes. The upper layer (0.5 mgprotein/mL) was stored at -70-C. Theieaction 
mixture contained the ceU extract at about 0.5 mg protem/mL. 

Human .emm (pooled nonnal human serum fiom George King Biomedical Systems, hrc). 
Protem concentration in the reaction mixture was about 60 mg protein/mL. 

DogPlaaaa (pooled noiBuJ dog phisma (EDTA) from Pel Freez, Inc.> 
concentration m the reaction mixture was about 60 mg protem/mL. 
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Table 5a, PBMC Extraci/Dog Plasma/Human Semm Stability of Selected PI Prodrugs 



GS# 


PBMC 
Extract^ 

TiA2, min 


Don 

Plasma 

Ti/2, m!n 


rfuman 
Serum 
Ti/2, min 


HIVECso 
(nIM) 


16503 


2~ 


368 


»400 


6.0 ±1.4 


16571 


49 


126 


110 


15±5 


17394 


15 


144 


49 


20 ±7 



Example: Pbarmacokinetirfi in Pla5«na «r.H muc FoHowiup Tnt ravenous nr On.1 
Administration of Candidate comnounds to Beap le H ogs: Method fnr Determinin f r 

hitracellular Residaice Time 

The phannacokinetics of several candidate compounds and tbeir active metabolites were 
studied in beagle dogs following intravenous or oral administration of each candidate 
compound 

Dose Administratioii and Sample Collection. Each dosing group consisted of 3 male 
l>eagle dogs tbat were fasted overnight before dosing. For intravenous administration, each 
dog was dosed with the candidate compound at 1 mgyTcg via the cephaUc vein as a slow bolus 
injection over approximately 1 mmute. Blood samples (1-2 mL) were coUected from the 
jugular vein pre^ose, and at 2 min, 15 mm, 30 min, 1 hr. 2 hr, 4 hr, 8 hr and 24 hr post-dose 
into tubes containing EDTA as the anticoagulant For oral administration, each dog was 
dosed with the candidate compound at 4 mg/kg through oral gavage. Blood samples (1-2 mL) 
were collected pre^ose. and at 5 min, 15 min. 30 min. 1 hr, 2 hr. 4 hr. 8 hr and 12 hr post- 
dose mto tubes containing EDTA as the anticoagulant The blood samples were stored on ice 
and plasma samples were obtained by centrifagation within 1 hour after blood collection. 
Hie plasma samples were stored at approximately .70'>C untH analysis for the concentrations 
of flie candidate compound and its metabolites ia plasma. 

Another set of blood samples was also collected from the jugular vein for evaluation of the 
concentrations of candidate compound and its metaboUtes in peripheral blood mononuclear 
cells (PBMCs). Approximately 8 mL of blood was collected either at 1 hr, 4 hr, 8 hr and 24 
hr post-dose or at 2 hr, 8 hr and 24 hr post-dose from the jugular vem into tubes containing 
EDTA as the anticoagulant An equal volume of sterile phosphate buffered saline (PBS) 



was 



1 SaI. 
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(Amersham Biosciences) in a 50 mL conical tube. Tie tube y>as centri&ged at approximately 
500 g for 30 min at room temperature. The upp«^ layer containing plasma was drawn off and 
discarded. Hie layer below tbe plasma layer is enriched with PBMCs. Ttis layer was 
coHected with a cleanpipette and tiansfen^d to a 15 mL conical tube. The PBMC suspension 
was centrifuged at approximately 500 g for 10 min at room temperature. The resulting peUet 
was xesuspended in 5 mL of sterile PBS and then centrifuged at approximately 500 g for 10 
mm at room temperature. Tb^ supernatant was removed and 0.5 mL of acetonitrile was 
added to the pellet. The tube was vortexed. sealed and stored at -70°C until analysis for 
concentrations of the candidate compound and its metaboHtes. 

Determination of the concentrations of the candidate compoand and its metaboUtes in 
plasma. The plasma concentrations of the candidate compound and its metabolites were 
determined by an LCyMS/MS assay. plasma samples were processed with a solid phase 
extraction (SPE) procedure outlined below. Speedisk C18 solid phase extinction cartridges (1 
inL, 20 mg. 10 urn, fiom J.T. Baker) in a 96-weU plate were conditioned with 200 uL of 
methanol foUowed by 200 uL of water. An aHquot of 200 uL of plasma sample was applied 
to eacli cartadge. foUowed by two washmg steps each with 200 uL of deionized water Tlie 
analytes were eluted fiom the cartridges by a two^p process each with 125 uL of methanol 
Each well was added 50 uL of water and mixed to reduce the organic strength. An aliquot of 
25 „L of the mixture was injected onto a ThermoFinnigan TSQ Quantum LCMS/MS system. 

The column used in liquid chromatography (LC) was HyPUKITY® CI 8 (50 x 2.1 mm, 3.5 
urn) fiom Thermo-HypersU. Mobile phase A contained 10% acetonitrile in 10 mM 

oirium formate, 0.1% fonnic add. Mobile phase B contained 90% acetonitrile in 10 mM 
onium formate, 0. 1 % fonnic acid. The chromatography was carried out at a flow rate of 
250 HL/mm under an isocratic condition of 40% mobile phase A and 60% mobile phase B 
Selected reaction monitoring (SRM) were used to measure the candidate compound and its 
metaboUtes simultaneously with the positive ionization mode on the electrospmy probe THe 
hmit of quantitation (LOQ) was 1 nM for the candidate compomxd and its metaboUtes in 
plasma. 



a 

ai 



JIIH 



Mill 
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DeterminatioB ofthe conceBtratioBs of the caBdidate compoand and its metabolites Ib 
PBMCs. 

Tho concentrations ofthe candidate compound and its metabolites in PBMCs were 
detexmined by an LCMSMS assay. The PBMC samples were filtered through a Captiva™ 
fihiatioB plate with 02 ^m pore size. An aliquot of 250 jiL ofthe ffltiate was evaporated 
under a stream of nitrogea The samples were reconstituted in 75 pL of 20% acetonitrile in 
0. 1% formic add. An aliquot of 25 uL ofthe solution was injected onto a Them^oFimaigan 
TSQ Quantum LC/MS/MS system. 

The column used in liquid chromatogr^hy was HyPURITY® C18 (50 x 2.1 mm, 3 5 mn) 
from Tletmo-Hypersil. Mobile phase A (MPA) contained IQo/o acetonitrile in lo'mM 
ammonium fonnate. 0.1% fonnic acid. Mobile phase B (MPB) contained 90% acetonitrile in 
lOmMammonium formate. 0.1% formic acid. Ite chromatogmphy was carried out at a flow 
late of 300 tdMin with a gradient elution program: 5% MPB fiom 0 to 1 .5 min; 5-95% MPB 
fiom 1.5 to 1.6 min; 95% MPB from 1.6 to 3.5 min; 95-5% MPB from 3.5 io 3.6 min- S^A 
MPB tdl the end oftire program (6 min). The first 2 min of the LC flow was diverted to 
^ to aUeviate salt buildup m the probe ofthe mass spectrometer. Selected reaction 
momtormg was used to measure the candidate compound and its metabolites simultaneously 
vathfheposrtiveionizationmodeontheelectrosprayprDbe. Tlie limit of quantitation (LOQ) 
was 0.1 nM for the candidate compound and its metaboKtes in PBMC suspension. 

PhamacokiBetie CalculatioBs. The pharmacokmetic parameters were calculated using 
WmNonbn. Noncompartmental analysis was used for aU pharmacokinetic calculation. The 
mtxaceMar concentrations in PBMCs were extrapolated fit,m the measured concentrations in 
PBMC suspension on the basis of a reported volume of 0.2 picoliter/cell (BX. Robms R V 

Sxmivas. CKim, N3ischoft«rger, and A.Fridland. (1 998) Anthnicrob. Agents Chemother. 
612). 

Pharmacokinetic Profiles iB Pbsma aad PBMC. Shown below are the concentration-time 
profiles of three phosphonate candidate compounds (GS-l , GS-2 and GS-3) and their 
metabolites in plasma and PBMCs Mowing intmvenous administmtion of each candidate 
compomKl at 1 mg/kg m dogs. Tb. lastprofile shows the concentration-time profiles of GS-3 
and Its metabolites in plasma and PBMC following oral administration of GS-3 at 4 mg/kg m 
dogs. Ite chemical structures ofthe candidate compounds and their metabolites are shown in 
Table laa. The. e\!ita ApmnnBtrata „ , ^ . 
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active components (metaboJite X and diacid) into cells tbat aie primarily associated with fflV 
actvity, and that the half-lives of the active components in these cells are much longer than in 
plasma. 
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Table laa. Chemical Structures of Candidate compounds and Their Metabolites. 





Candidate compound 


Metabolites I 


Metabolite X (MX) 


Dkcid 


GS-1 


OCHjIfOCHCOOEl 
OPn 


OCHzfOCHCOOH 
OH 


oJ Q 9 


GS-2 


OCHjf-OCHCOOa 


GH 


CH 


GS-3 


CRi 


CH 


GH 



Phannacokinetic pioffles of GS-1 and its metaboHtes in plasma and PBMCs foUowing 
intravenous administration of GS-1 at 1 mg/kg in dogs are shown in figure 13.. 

Pharmacokinetic profiles of GS-2 and its metabolites in plasma and PBMCs following 
intravenous administration of GS-2 at 1 mg/kg in dogs are shown in figure 14. 



Pharmacokinetic profiles of GS-3 and its metaboHtes in plasma and PBMCs following 
intravenous administration of GS-3 at 1 mg/kg in dogs are shown in figure 15, 

Pharmacokinetic profiles of GS-3 and its metaboHtes in plasma and PBMCs following oral 
administration of GS-3 at 4 mg/kg in dogs are shown in figure 1 6. 

Example: Purification and Biochemical Characterization of GS-7340 Ester HydrnlasP- 
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1SIH2 



GS-7340^ J 





O 

II 



I OH 




Ester 
Hydrolase 




k/Ov^f-OH 
I OH 

Tenofovir (6S-127 



iteY 




r 00 
i OH OH 



PMP Ap 



Metabolite X (Intraceliular) 



t t ^ 
OH OH OH 

PMPApp 



Metabolism of GS-7340: 

There is broad consensus that the bioactivation of nucleotide amidate triesteis follows a 
general scheme (Figure 1) (Valette. 1996; McGmgan, 1998a, 1998b; Saboulard, 1999; 
Siddiqui, 1999). Step A is the hydrolysis of the amino acid carboxyUc ester. A nuclelphilic 
attack by the carboxylic acid of the phosphorous (StepB) is believed to initiate the fomation 
of the 5-membered cycKc intermediate which in turn is quickly hydrolyzed to fhe 
monoamidate diester (referred to as the amino acid nucleoside monophosphate, AAM. or 
metabolite X, Step C). This compound is considered an intracellular depot form of the 
antiviral nucleoside. Various enzymes as weU as non-enzymatic catalysis have been 
implicated in Step D which is the hydrolysis of the amide bond resulting in the formation of 
the nucleotide. TTie nucleotide is activated by enzymatic phosphorylation to nucleotide di- 
and tri-phosphates. 
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In the case of GS-7340, the efBcient conversion of this proslmg to the amino acid nucleoside 
monophosphate (Metabolite X. Figure 2) is a necessary step for the observed accumulation of 
Metabolite X is peripheral blood mononuclear cells (PBMC). Purification of the Enzyme(s) 
responsible for the cleavage of GS-7340 amino acid carboxyKc ester resulting in the 
formation of Metabolite X is the subject of this example. 

Ester Hydrolase Assay: 

The enzymatic production of metabolite X fiomGS-7340 was monitored using the following 
Ester Hydrolase assay: Varying amounts of peripheml blood mononuclear ceU (PBMC) 
extracts, column fiactions or pools were incubated with ['"CJ GS-7340 at STC for 10-90 
min. nae production of ['^C] MetaboHte X was monitored by measming the amount of 
radioactivity retained on an anion exchange resin (DE-81). HPLC and mass spectrometry 
analysis of the reaction mixture and radioactivity retained on the filter confirmed that only 
["CJ-Metabolite X bound the DE-81 filter. Under the ass^ conditions, the more 
hydrophobic ["CJ GS-7340 is not retained on the DE^l membrane. The final reaction 
conditions were: 25 mM 2-[N-morphoIinoJelhanesuIfomc add (MES). pH 6.5. lOOmM NaCl 
1 rrM DTT. 30 ^M ["CJ GS-7340. 0.1% NP40 and varjdng amounts of enzyme in a final' 
volmne of 60 nL The reaction mixture was incubated at STC and at 10. 30 and 90 minutes. 
17^1 of the reaction mixture was spotted onto a DE-81 filter. The filler was washed with 
25mM Tris. pH 7.5 lOOmM NaCl. dried at room tempenmire, placed in vials containing Sml 
of scintillation fluid. ["C]-MetaboHte X present on the filters was detennined using a 

scmtiUation comiter (LS 6500. Beckman. ). Activity was expressed as pmoles 

Metabolite X produced / minute / volume enzyme sample. Ester Hydrolase Specific Activity 
was expressed as pmoles Metabolite X produced / minute / pg protein. 

Non-Specific Esterase Assay: 

Non-specific ester hydrolase activity was monitored by monitoring the enzymatic cleavage of 
alpha nap%l acetate (ANA) (Mastropaolo. W and Youmo. J 1981). IWs substrate has been 
used for both the measurement esterase enzyme activity and in situ staining of esterases in 
tissue samples (Youmo, J and Mastropaolo. W. 1981; Yomno, J et Al 1981; Youmo. J et al 
1986). The method described is a modification of the assay described by Mattes, PMand 
Mattes. WB, 1992). Varying amounts of peripheral blood mononuclear cell (PBMC) extracts 
column fiactions or pools were incubated with ANA at ST'C for 20 min. The final reaction 
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conditions were: 10 mM sodium phosphate, pH 6.5, 97 ANA and varying amounts of 
enzyme in a final volume of 1 50 jiL lie leaction mixture was incubated at STC and at 20 
mimites, and the reaction was stopped by the addition of 20fxl of lOmM Blue salt RR in 10% 
sodium dodecyl sulfite (SDS). The alpha n^thyl-Blue salt RR product was detected by 
reading ahsorbance at 405nm. Activity was expressed as pmoles product produced /minute/ 
volume enzyme sample. 



Extraction of GS-7340 Ester Hydrolase from Hmnan PBMCs: 

Fresh human PBMC were obtained fix)m patients undergoing leukophoresis; ceUs were 
shipped in plasma and processed within 26 h of draw. PBMC cells were harvested by 

centrifugation at 1200 X g for Sminutes and washed three times by re-suspension in RBC 
lysis buffer (155 mMNH4Cl, 1 mMEDTA, lOmMKHCO,). Washed cells (29x10^ were 
suspended in 150 ml of lysis buffer (10 mM Iris. pH 7.4. 150 mM NaCI. 20 mM CaCfe 1 
mM DTI and m NP40) and incubated on ice for 20 minutes. Hie PBMC crude extract was 
centrifuged at 1000 X g for 30 min to remove unlysed cells and the supernatant at 100.000 X 
g for 1 h. The 1 00,000 X g supernatant (PBMC Extract: PO) was harvested (1 65ml) and the 
pellets (1000 X g and 100.000 X g pellets) were resuspended in 10 mM Tris. pH 7.4, 150 mM 
NaCI, 20 mM CaCfc, 1 mM DTT and assayed for GS-GS-7340 ester hydrolase activity 
Assays showed that < m of the GS.GS-7340 Ester Hydrolase enzymatic activity was present 
m the pellets. Hie cell extract was snap frozen in liquid Nitrogen and stored at -70''C. 

Anion Exchange Chromatography: 

Hie PBMC Extract (15 X lO' cells. 75 - 85ml) was diluted 1:10, (vol: vol) with 25mM Tris 
pH 7.5. 10% glycerol, ImMDTT (Q15 Buffer A) and loaded onto an anion exchange cohmn 
(2.5cm X 8.0 cm. Source Q15 (Amersham Biosciences)X previously equilibrated with Ql 5 
Buffer A. Bound protein was eluted with a linear NaCI gradient (30 column volumes (CV)) 
to 0.5M NaCI. Eluting protein was detected by monitoring Ahsorbance at 280nm. Fractions 
(12.0 ml) were coUected and assayed for both GS-7340 Ester Hydrolase and ANA Esterase 
activity. GS-7340 Ester Hydrolase activity eluted as a single major peak at 50 - 75 mM NaCI 
(Table I). Recovery of Total GS-7340 Ester Hydrolase activity in the eluted fractions was 50 
- 65% of total activity loaded. Significant ANA Esterase activity (30-40% of total activity 
loaded) was detected in the column FT; however, ~ 30% eluted in two peaks at 70 - 1 00 mM 
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NaCl (Table 1). Fractions containing GS-7340 Ester Hydrolase activiiy (Q 15 pool) were 
pooled, snap frozen in liquid nitn^en and stored at -7tf*C. 

Hydrophobic Interaction (SIC) Chromatography: 

The Q15 pool was defrosted and dfluted 1:1, (vol: vol) with 25mM Tris, pH 8.0, 0.5 M 
(NH4)2S04. ImM DTT, 10% glycerol BS-HIC Buffer A). IM (NiUhSO^ was added to yield 
a final concentration of 0 JM (NH4)2S04 in tbe sample, lbs sample (300nil / 10 X 10* cells) 
was loaded onto a Butyl Sepharose HIC column (Sml HiTrap. Amersham Biosciences) 
previously equilibrated with BS-HIC Buffer A. Bound protein was eluted with a linear 
gradient (15 CV) decreasing to with 25niM Tris, pH 8.0. ImM DTT, 10% glycerol. Eluting 
protein was detected by monitoring Absorbance at 28Qnm. Fractions (4.0 mi) were coUected 
and assayed for both GS-7340 Ester Hydrolase and ANA Esterase activity. GS-GS-7340 
Ester Hydrolase activity eluted as a single major peak at 200 - 75 mM (NH4)2S04 (Table 1). 
Recovery of Total GS-7340 Ester Hydrolase activity in the eluted fractions was 50 - 65% of 
total activity loaded (Table I). Significant ANA Esterase activity (85% of total activity 
loaded) was detected in the column FT; however, ~ 10-15% eluted in a peak at 450 - 300 mM 
(NH4)2S04. Fractions containing GS-7340 Ester Hydrolase activiiy (BS-HIC pool) were 
pooled, snap frozen in liquid nitrogen and stored at -70°C. 

Hydroxyapatite (BLAP) Chromatography: 

Ibe BS-HIC pool (40 ml / lOX 10^ cells) was defrosted, concentrated to 2.0inl using a lOkDa 
molecular weight cutoff concentrator (2Qml Vivaspin concentrator, Viva Science, Carlsbad, 
CA), and dUuted to 20ml with ImM sodium phosphate, pH 6.85, 10% glycerol, ImM DIT 
(HAP Buffer A). The sample containing the GS-7340 Ester Hydrolase activity was loaded 
onto a HAP column (0.75 ml, 5mm X 20mm; ceramic hydroxyapatite, BioRad. Hercules, 
CA), previously equilibrated with HAP Buffer A. Bound protem was eluted with a 40 CV 
gradient to 500 mM sodimn phosphate. pH 6.85, 10% glycerol, 1 mM DTT. Eluting protein 
was detected by monitoring Absorbance at 280nm. Fractions (0.5 ml) were collected and 
assayed for GS-7340 Ester Hydrolase. GS-7340 Ester Hydrolase activiiy eluted as a single 
major peak at 70 -85 mM sodium phosphate (Table la). Recovery of Total GS-7340 Ester 
Hydrolase activiiy in the eluted fiactions was 40 -45% of total activity loaded (Table la). 
Fractions containing OS-7340 Ester Hydrolase activity (HAP pool) were pooled, snap frozen 
in liquid nitrogen and stored at -70'C. 
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Higfc SesoMoa Gel FUtntioii Clin>iiuiti>{rafliy; 

11» BS.HIC pool (5„U / 1 .25 X 10' ™ deftostoi. «,nc««aed to O.OSoJ o^g , 51cl>a 
mofecular weigh, cu.o£f o™««„^r (20n„ Viv-spto ««e«««. Viva Scienoe, Cnrlsbad. 
CA), and loaded onto a highMsoMon Gel FihaSon ootann (8mm X SOOmn, KW 802 5- 
Sio^ Tbmm Insftnmea Co, Ooe«dd., CA). p„=vi«Bl, eqnilibnW 25mM Tris 
PH 7.5. 150mM NaCl. . 0% gb^l. 20n^ ,^ dIT ' 

Bntn, p,«ein waa detected i* monitaing Abaorbanc. at 280Mn. Tr^ ^, ^ ' 
coll=«edand.saayedfcrOS.7340EaterHyd»l,se. GS-7340 ato H,dn>la. aeSviiy eluted 
aa a an^le m^or peak a. i« e^reaponding to an apparent mdeouia, «igl. of 70 - 

100 kD. (Table la). R«>v«yofToW GS-7340EaterHyd«.te.ettrt,iniied*d 
ft«aK» ™a >75H of toW acd«„ loaded (Table la). F^edona co«.id,g QS-T^ ^ 

SnaiMiy of GS-7340 Eater Hydwhs. Puriitaaoii: 

Tte following tebb «izes a. pnrtfi«i<»> of 08-7340 Eato Hyd„*ae achieved 
ftotto. wa. nteaaa-ed b, a Coon^e Blue s«n colo^ ^ ' 

BmK«l H^culea. CA). The SpeciSc Acdvi., ,^,ea Me^olite X ,™dn^ / minute / « 

pn*m) of paniall, puri&d GS-7340 Eato Hyd-obs. vari«l fen, 666 to 1500 Ilia 
^a 222 - 750fi„dpunficaSo.*»,h.PBMCex.««. OvcaU We,y of GS- 
7340 Baer Hj^olase fem PBMC extrada ym woximatefy 1 o%. 
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TaMtU: Purificatioii Sammaiy of 08-7340 Ester Hydrolase: 



1 Sample 
1 name 

POPBMC 


PBMC 


Protein 
coocentrafi 
on 
(mg^ml) 


1 Volume 
(mO 


1 Protein 
(mg) 


Total Activity 
(pmol/min) 


Activity 

1 Dmol/mi 

1 VVUVU Mil 


i o/ 
1 ^ 

Eecovery 




30 X 

10^ 


5.0 


200 




^.0-3.0X10** 


2.0-3.0 




QlSPool 
[ BS-HIC 




0.116- 
0.167 


300 


35-50 


1.0-1.5X10** 


20-42 


--50 


Pool 




0.02- 
0.035 


m 


2.0- 
3.5 


0.5- 0.75 X 
10^ 


142-375 


--50 


HAPPooJ 




0.02-0.03 


10 [ 


0.2- 
03 


0.2-03x10^ 


666- 
1500 






% Total 
Recoveiy 1 


hm5 



Biochemical Characterization of GS-7340 Ester Hydrolase: 

Detenninatioii of the Isoelectric point (pi) of GS-7340 Ester Hydrolase; 
The isoelectric point (pi) of a protein is defined as the pH at which the protein has no net 
ionic (Aaige. Chromatofocusing is a chromatographic procedure in vsWch a negatively 
charged protein is bound to a hydrophilic column with a net positive ionic charge. ITie 
protein is loaded at a pH 1 to 2 pH units higher that its estimated pi. and the bound protein is 
eluted by generating a decreasing pH gradient usmg a pH 3.0 to 4.0 buffer. TTie proteins will 
' be eluted at a pH corresponding to pL 



An aUquot of the BS HIC pool (20 ml. 5 X lO'cells) was concentrated to 4.0 ml andprepared 
for chromatofocusing chromatography by exchanging buffer using a desalting column. 1 0 ml 
aliquots of the concentrated BS HIC pool were loaded onto a 5.0 ml desalting column (5.0 ml 
HiTrap. Amersham Biosciences, Piscataway, NJ) previously equilibrated with 25mM 
ethanolamine, pH 7.8 (pH'd with iminodiacetic acid). 1 0% glycerol (Mono P Buffer A) Ihe 
desalted OS-7340 Ester Hydrolase activity was loaded onto a chromatofocusing column 
(5mm X 5mm HR Mono P, Amersham Biosciences, Piscataway. NJ) previously equilibrated 
with Mono P Buffer A. Bound protein was ehited with a 20CV gradient to pH 3.6 with 10 ml 
/ 1 00 ml Polybuffer 74 (Amersham Biosciences) pH'd to 4.0 with iminodiacetic acid. This 
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chromatofocusing protocol produces a linear pH gradient from pH 7.8 to pH 3.6. Eluting 
protein was detected by monitoring Absorbance at 28Qnm. Fractions (0.5 ml) were collected 
and assayed for GS-7340 Ester Hydrolase. GS-7340 Ester Hydrolase activity eluted 
single major peak at pH 5.5 to 4.5. Recoveiy of Total GS-7340 Ester Hydrolase activity 
the eluted fractions was 65 -70% of total activily loaded. Fractions containing GS-7340 Ester 
Hydrolase activity (KW 802.5 pool) were poole4 snap frozen in Kquid nitrogen and stored at 



asa 

in 



-70"C. 



Inhibition of GS-7340 Ester Hydrolases by Serine Hydrolase Inhibitors: 

Fluorophosphonate / fluorophosphate (Diisopropylfluorophosphate (DEP)) derivatives, 
isocoumarins such as 3,4 dichloroisocoumarin (3.4-DCI) and peptide carboxyl estew of 
chloro- and fluoro-methyi ketones (AlaAlaProAla-CMK, AlaAlaProVal^JMK, PheAla-FMK) 
are known effective inhibitors of serine hydrolases (Powers and Harper 1986; Delbaere and 
Brayer, 1985; BuUock et al 1996; Yongsheng et al 1999; Kam et al 1993). Inhibition of the 
enzymatic production of metaboUte X from GS-7340 was monitored using the foUowing 
Ester Hydrolase Inhibition assay: Varying amounts of partiaUy purified GS-7340 Ester 
Hydrolase and control enzymes (human leukocyte elastase (huLE), porcine liver 
carboxylesterase (PLCE)) were incubated with ["q GS-7340 in the presence and absence of 
varying amounts of known serine hydrolase inhibitors at 37"C for 10 - 90 min. The 
production of ["C] Metabolite X was monitored by measuring the amomit of radioactivity 
retained on an anion exchange resin (DE-81). Hie final reaction conditions were: 25 mM 2- 
[N-moipholmo]ethanesulfonic acid (MES), pH 6.5, lOQmM NaCl. 1 mM DTT, 30 ['^C] 
GS-7340. O.Wo NP40 varying amounts of enzyme and mhibitors (LOpM - ImM) in a final 
volmne of 60 m1. The reaction mixhire was mcubated at 3rc and at 10, 30 and 90 mmutes, 
1 7|il of the reaction mixture was spotted onto a DE-81 filter. The filter was processed and the 
amount of ["C]-Metabolite X present was determined as described above. Activity was 
expressed as pmoles Metabolite X produced / minute / volume enzyme sample. Inhibition of 
Ester Hydrolase and control hydrolases was expressed as percent activity present at a given 
concentration of inhibitor compared to hydrolase activity in the absence of the mhibitor. The 
results of the inhibition experiments are shown m Table 2A/B. The serine hydrolase 
mhibitors, 3,4.DCI and DFP inhibit GS-7340 Ester Hydrolase with estimated IC50's of 4.0 
and 30 hM, respectively. TTie peptide chloro- and fluoro-methyl ketones are less effective 
inhibitors with estimated IC50's of 100 -400 \M (Table 2 A / B). 
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Table 2A: Inhibition of GS-7340 Ester Hydrolase and Control Enzymes by Serine 
Hydrolase Inhibitors 





lCSO(uM\ 


Inhibitor 


GS-7340 


PLCE 


huLE 




Ester 






l^rdrolase 






3,4- 


4.0 


250 


3.0 


dichloroisoconmatin 






MeOSuC-Ala-Ala-Pro- 


200-400 


>1000 


60 


Ala-CMK 




MeOSuc-Ala-Ala-Pro- 


100 


>1000 


4.0 


Val-CMK 




Biotin-Phe-Ala-IiMK 


100 


>1000 


100 


DFP 


30 


0.05 
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Tabic 2B: LUubition of GS^7340 Ester Hydrolase and Control Enaymes by Serine 
Hydrolase Initibitors 



GS-7340 Ester 
Hydrolase 



dichloroisocoumaria 
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Snminary of Biochemical Characterization of GS-7340 Ester Hydrolase: 



Suinmarizing,GS-7340 Ester Hydrolase is a novel enzyme characterized by being capable 
of being recovered fixjm human PBMCs by a process comprising 

(a) lysing human PBMCs; 

(b) ejrtiacting the lysed cells with detergent; 

(c) separating the solids fix>m supernatant and recovering the supernatant; 

(d) contacting the supernatant with an anion exchange medium; 

(e) elating the Hydrolase from the anion exchange medhau; 

(f) contacting the eluate with a hydrophobic chromatographic medium; and 
fe) eluting the Hydrolase from the hydrophobic chromatographic medium. 

GS-7340 Ester Hydrolase is use&l in screening candidate compounds to assess the 
likelihood that they can be processed to fonn depot metaboKtes in lymphoid tissue. The 
candidates are assayed in the same fashion as described herem for GS-7340, taking into 
account differences in the nature of the suspected substrate as wiU be apparent to the ordinary 
artisan. 

GS-7340 Ester Hydrolase optionaUy is labelled with a detectable group such as a 
radiolabel or covalently bound to an insoluble matrix such as Sepharose using techniques 
heretofore employed for other enzymes having similar properties, as will be apparent to the 
ordinary artisan. 

GS-7340 Ester Hydrolase has die following properties: 

1) GS-7340 Ester Hydrolase can be partiaUy purified from fresh PBMC Extracts: SA 
= 666 -1500 pmoles MetX/min/ug protein. 

2) GS-7340 Ester Hydrolase can be separated from nonrspecific Esterases capable of 
cleaving alpha-naphtbyl acetate (ANA), a non-specific substrate shown to be 
cleavwi by many carboxylesterases and hydrolases. 

3) Multiple GS-7340 Ester Hydrolase activity peaks are not eluted from columns 
during purification. 



SUBSTITUTE SHEET (RULE 26) 



wo 2004/096818 PCT/EP2003/012423 

791 

4) The MW of GS-7340 Ester Hydrolase on Gel Filtration is ~ 70 - lOOkDa 

5) The pi of GS-7340 Ester Hydrolase is pH 4.5 -5.5 

6) Evidence to date suggests that the SA of isolated GS-7340 Ester Hydrolase is 
likely to be > 10,000. 

7) The serine hydrolase inhibitors, 3,4-DCI and DFP inhibit GS-7340 Ester 
Hydrolase with estimated ICSO's of 4.0 and 30 yM, respectively. The peptide 
chloro- and fluoro-methyl ketones are less effective inhibitors with estimated 
ICSO's of 100 -^00 pM (Table 2 A / B). 
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Example: C andidate Co^np nllTlf^c 

A large number of examples describing the preparation of candidate compounds 
active against HIV protease, HTV integrase and HIV polymerase (non-nucleotide reverse 
transcriptase inhibitors, or NNRTIs) are fomid in copending applications and are set forth 
below. These compounds are examples of candidate compounds that are typical of those 
which are suitable for use in the method and Kbraries of this invention. 



Ihcorporatiop by Reference 



All pubKcations and patent appKcations cited herein are incorporated by reference to 
the same extent as if the foil text of each individual publication or patent application was 
contamed herein. The incorporated text will be apparent fiom context if not specificaUy set 
forth. Incorporated by reference are (a) US patent appKcations 60/373,533 and 60/375,665 



SUBSTITUTE SHEET (RULE 26) 



wo 2004/096818 PCT/EP2003/012423 

793 

hereof based on such applications and (b) U.S. patent appKcation 60/375.622 (attorney docket 
260 J>) and the section 11 1(a) application filed of even date hereof based on such applicatioa 
Further, the content of PCT/US 03/12901 and PCT/US 03/12926 and inparticular all 
embodiments thereof relating to the clains herein are incorporated by reference in their 
entirety. 
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WE CLAIM: 

1. A method comprising 

(a) identifying a non-nucleotide prototype compound; 

(b) substituting the prototype compound with a phosphonatcKsontaining group to 
produce a candidate compound; and 

(a) determining the anti-HTV activity of the candidate compound. 

2. A method comprising 

(a) selecting a non-nucleotide candidate compound containing at least one 
esterified carboxyl or esterified phosphonate-containing group; and 

(b) detennining the intracellular persistence of the candidate compound or a 
esterolytic metaboKte of the esterified caiboxyl or phosphonate-containing 
groiq> thereof 

3. The melhod of claim 1 iwherem the tissue selectivity of the candidate compound 
and/or at least one of its intracellular depot metabolites is detennined. 

4. The method of claim 1 wherem the intracellular residence time of said candidate 
compound and/or at least one of its intraceUukr depot metabolites is detennined. 

5. The method of claim 2 comprismg additionaUy detennining the activity of at least 
one of said metabolites against HIV protease. 

6. The method of claim 2 wherein tile inetabolite is a carboxylic acid. 

7. The method of claims 1 or 2 comprismg determming the ability of the candidate to 
inhibit HIV. 

8. The method of claim I wherein the prototype is already known to have therapeutic 
activity against HIV. 
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9. The method of claim 2 compising selectmg and detennimng the intracellular 
persistence of a plurality of candidate compounds. 

10. The method of claims 1 or 2 wherein compounds which are not candidate 
compounds are tested in parallel together with at least one candidate compound 

1 1. The method of claim 2 comprising determimng cleavage of one or more 
candidates by GS-7340 Ester Hydrolase. 

12. The method of claims 1 or 2 wherein the candidate is an amino acid 
phosphonoamidate in which a carboxyl of the amino acid is esterified 

13. The method of claim 1 wherein the prototype compound is known to inhibit HTV 
protease, HTV integrase or HIV reverse transcriptase. 

14. The method of claim 1 wherein the prototype compound is not known to be an 
analogue of a naturally occurring phosphate-containing enzyme substrate. 

15. The method of claim 1 wherein the prototype compound is not a nucleoside. 

16. The method of claim 1 wherein the prototype compound does not contain a 
nucleoside base. 

17. The method of claim 1 wherein an intracellular depot metabolite is tested. 

1 8. The method of claim 1 also comprising determining the resistance of HIV to the 
candidate compound and/or its intracellular depot metabolite. 

1 9. The method of claim 1 comprising determining the tissue selectivity and/or 
intracellular residence time for a first candidate compound and/or its intracellular depot 
metabolite, preparing or selecting additional analogues of said first candidate compound, and 
determining the therapeutic activity of said additional analogues wi&out detennming tissue 
selectivity and/or intracellular residence time of said analogues. 

20. The method of claim 1 comprising detmnining the safety and/or anti-HTV 
therapeutic activity of the candidate compound m in vitro cell culture, m enzyme assay, in 
animals or m humans. 
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21. The method of claim 1 wherein the prototype compound is a phannaceutical 
product licensed by the US Food and Drug Administration. 

22. The method of claim 1 wherein the prototype compound is one which is disclosed 
to have anti-HIV actrvityi, a patent or published patent application on or befoie the filing 
date of this application. 

23. The method of claim 1 comprismg detennining susceptibility to hydrolysis of the 
caiboxyl or phosphomrte esters by GS-7340 Ester Hydrolase, said Hydrolase characterized by 
bemg capable of being recovered from human PBMCs by a process comprising 

(b) lysing human PBMCs; 

(c) extracting flie lysed cells with detergent; 

(d) separating the soKds from supernatant and recovering the supernatant; 

(e) contacting the supernatant with an anion exchai^e medium; 
(0 eluting the Hydrolase from the amon exchange medium; 

(g) contacting the elnate with a hydrophobic chromatographic medium; and 

(h) eluting the Hydrolase from the hydrophobic chromatographic medhim. ■ 

24. nie method of claim 23 wherein the Hydrolase has a MW on gel filtration 
chromatogr^hy of about 70-1 00 kDa, has a pi of about 4.5-5.5 by chromatofocusing, is 
inhibited by 3.4 dichloroisocomnarin. binds to Butyl Sepharose HIC, binds to anion exchange 
medium Q 1 5, and is capable of being recovered from human PBMCs. 

25. The method of claim 2 wherein the inlraceUular residence time is detennined as 
the half-life of at least one mtraceUular depot metabolite within a lymphoid tissue. 

26. The method of claun 25 whereintiie lymphoid tissue is PBMCs, helper cells, 
Iciller cells or lymph nodes. 

27. The metfiod of claim 1 wherein determining anti-HIV activity is by in vitro assay. 
28 . The method of claim 27 wherein the assay is conducted m an animal model or 
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29. Hie method of claims 1 or 2 comprising the additional steps of identiJfying a 
clinical trial compound from the final step, entering into clinical trials with said clinical trial 
compound, obtaining regulatory approval to maricet said clinical trial compound for the 
treatment of HIV. and selling said clinical trial compound after said regulatory approval. 

30. Tie method of claun 29 v«herein the clinical trial compound is not identical to the 
candidate compound 

31. method ofclaim. 2 wherem intraceUular persistence vvas determined by 
clinical studies comprising determination of the amount and timing of dosing of the candidate 
compound. 



32. The method of claim 2 wherein the metabolite is intracelhilarly sequestered i 
PBMCs, 



in 



33. The metiiod of claim 2 wherein greater than one metaboKte is tested to determine 
intracellular residence time. 

34. method of claim2wherein the intraceUularpersistence is detemrinedin 
PBMCs. 

35. The method of claim 2 wherein the metabolite comprises the phosphonate group 
ofMetaboHteX. i- ei u^, 

36. Tte method of claim 2 wherein the metabolite comprises an unesterified carboxyl 

group. 

37. The method of claim 2 wherein the intracellular depot metabolite comprises the 
group -P(OXOH)-. 

38. A library of candidate non-nuclcotide anti-HIV compounds comprising a pluraKty 
of candidate compomKls suspected to have anti HIV activity which contain esterified carboxyl 
or esterified phogjhooate groups. 

39. A Kbrary of candidate anti-HIV compom«Js which does not consist solely of 
nucleotides and which comprises a plurality of candidate compounds suspected to have anti- 
mV activity which contain esterified carboxyl or esterified phosphonate groups 
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40. The Uhmy of claims 38 or 39 comprising at least about 10 candidate compounds, 

41. The Hbnuy of claims 38 or 39 herein the candidate compounds comprise (a) a 
phosphonate substituted v«th an amino acid or an organic acid, or (b) an amino acid, at least 
one of the carijoxyl groups of the amino acid or organic acid being esterified. 

42. He Uhmy of claims 38 or 39 wherein the compounds in the library are stared in 
discrete containeis. 

43. A method comprising testing the library of claims 39. 40. 41. or 42 to determine 
the anti-mv activity of at least one candidate compound in the Khrary. 

44. The method of claim 43 comprising detemining for tissue selectivity and/or the 
mtracellular persistence of at least one of said candidate compounds and/or at least one of 
theh^ intracellular metabolites. 

45. Hie method of claim 43 comprising the additional stq,s of identifying a clinical 
tnal compound fiom said library, entering into clinical tri^s with said clinical trial 
compound, obtaining regulatory approval to maricet said clinical trial compound for the 
treatment of HIV. and selling said clinical trial compound after said regulatory approval. 

46. Isolated OS-7340 Ester Hydrolase. 

47. The Hydrolase of clahn 46 which is purified to a single major band on gel 
filtration chromatography. 

48. The Hydrolase of claim 46 which is capable of being recovered from human 
PBMC cells. 

49. Hie Hydrx,lase of claim 48 wherein the Hydrolase has a MW on gel filtration 
chromatography of about 70-100 kDa. 

50. The Hydrolase of claim 50 which has a pi of about 4.5-5.5 by chromatofocusing 

51. Tie Hydrolase of clafan 50 which is inhibited by 3.4 dichloroisocoumarin. 

52. The Hydrolase of claim 51 which binds to Butyl Sepharose HIC. 

53. Hie Hydrolase of claim 52 which binds to anion exchange medimn 015. 
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54. The Hydrolase of claim 53 wMch binds to hydroxy^)atite. 

55. The Hydrolase of claim 46 which is cross-linked to an insoluble medium. 

56. A method comprising obtaining a substantially pure organic molecule, optionally 
contacting ihe organic molecule with another molecule to produce a composition, and 
contacting the Hydrolase of claim 46 with said orgamc molecule or compositiQiL 

57. The method of claim 56 wherem the organic molecule is an anti-HTV compound. 

58. A method comprisiiig contacting 08-7340 Ester Hydrolase with an orgamc 
compound m an i» vitro or cell cuhure environment 

59. The method of claim 58 wherein the environment is ceU free. 

60. A composition comprising a substantially pure oisanic compound and isolated 
GS-7340 Ester Hydrolase. 

61. A composition comprising an orgamc compomid and 68-7340 Ester Hydrolase in 
an in vitro or cell culture environment. 

62. to a method for identic an anti-HIV therapeutic compound, the improvement 
comprising substituting a prototype compomid with an esteiified phosphonate or esterified 
carboxyl group to produce a candidate compound and assaying the resulting candidate 
compound for its anti-HIV activity. 

63. Ite melhod of claim 61 wherein the candidate is assayed for its intraceUular 
persistence. 

64. nie method of claim 63 wherein the candidate is assayed for its extraceUular 
stability against hydrolysis of the carboxyl or phosphonate ester. 

65. The method of cMm 64 comprising selecting from a pluraKty of candidates a 
candidate which is esterolytically cleaved mtmceUularly to yield an intracellular persistent 
metaboKte having anti-HIV activity and wMch candidate is substantially esterolyticaUy stable 
against extraceUular hydrolysis of the carboxyl or phosphonate ester. 

66. The method of claim 65 wherein the candidate is substantiaUy stable against 
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67. The method of claim 62 v^in the candidate is substituted ;vith a phosphonate 
group comprising monosubstitution with (a) an amino acid linked through an amino group to 
the phosphorus atom or (b) an organic acid, and wherein a carboxylic acid of the amino add 
or organic acid is esterified. 

68. nie method of claim 62 wherein the candidate is substituted with a group 
comprising an amino acid, wherein a carboxylic acid of the ammo add is esterified. 

69. Hie method of claim 68 wherein the carboxyKc acid is the residue of a 
hydroxyorganic add linked to the phosphorus atom through an oxygen atom. 

70. The method of claims 68 or 69 wherein the hydroxy group of the hydroxyorganic 
acid or the amino group of the amino acid are in the alpha position. 

71 . A method for identifying a candidate compound as a suitable pro-drug, 
comprising: 

(a) providing the candidate compound having an esterified phosphonate group or 
an esterified carboxyl group; 

(b) contacting the candidate compouml with an extract capable of catalyzmg the 
hydrolysis of a carboxylic ester; and 

(c) identifying the candidate compoumi as a smtable pKMfrug if the metate^^ 
compoundhas aphosphonic acid group instead of the esterified phosphonate group of the 
candidate compound, or a carix>xylie acid group instead of the esterified carboxyl group of 
the candidate compound. 

72. The method of claim 71. wherein said extbct is obtained from periphcml blood 
mononuclear cells. 

73. A method for identifying a candidate compomid as a suitable pro-drug, 
comprising: 

(a) providing the candidate compound having an esterified phosphonate group or 
an esterified carboxyl group; 
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(b) contactmg the candidate compound with an extract of peripheial blood 

mononwlear ceUs having carboxyUc ester hydrolase activity to produce a metabo^^^ 
compound; and 

(c) identifying the candidate compound as a suitable pro-drug if the metabolite 
compound has aphosphonic add group instead of the esterified phosphonate group of the 

candidate compound, or a carboxyhc add groiq, instead of the esterified carboxyl gK^^ 
the candidate compound. 

74. The method of claim 73, wherein said providing step comprises providing a 
candidate compound formed by substituting a prototype compound known to have anti-HIV 
therapeutic activity with an esterified phosphonate or carboxyl group. 

75. The method of claim 74, whardn said protot^Je compound is not a nucleoside, 
and does not contam a nucleoside base. 

76. Tie method of claim 73. wherein said providing step comprises providmg a 
candidate compound that is an amino acid phosphonoamidate. wherein a carboxyl group of 
the amino acid is esterified. 

77. The method of claim 73. wherein said providing step comprises providing a 
cancKdate compound that is substantiaUy stable against extracellular hydrolysis of the 
esterified group. 

78. The method of claim 73. wherein said providing step comprises providing a 
candidate compound formed by substituting aprototype compound. 

79. The method of claim 73. finther comprising (d) determining the intracellular 
persistence of the candidate compound. 

80. The method of daim 73, further comprising (d) determining the intiaceUuIar 
persistence of the metabolite compound. 

8 1 . The method of claim 73. further comprising (d) determining the intraceUular 
persistence of the candidate compound and the metabolite compound. 

82. The method of claim 73. further comprising (d) determming the tissue selectivity 
of Ae candidate compound. 
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83. The method of claim 73, further comprising (d) deteimining the tissue selectivihr 
of the metabolite compound 

84. The method of claim 73. further comprising (d) determining the tissue selectivity 
of the candidate compound and the metabolite compound. 

«5-^-*odofclaim 73. further comprising (d) determining 
activity of the metabolite c<Mi^unA 

86, The method of claim 73. further comprising (d) determmmg the HJV-irinbition 
abihty of the candidate compound. 

«7.ThemethodofcIaim73.fiirthercomprising(d)determiningti^ 
to the candidate compound, 

88. Ihe method of claim 73. fimher comprising (d) determining the resistance of HIV 
to the metaboKte compound 

89. Ihe method of claim 73, further comprismg (d) determining the resistance of KV 
to the candidate compound and the metabolite compound. 

90. Ihe method of claim 73. further comprismg (d) determining the intmcellular 
residence time of the candidate compound. 

91. The method of claim 73. fiirther comprismg (d) detetmming the intracellular 
residence time of the metabolite compound. 

92. The method of clahn 73, further comprising (d) detennming the intraceUular 
residence time of the candidate compound and the metabolite compound. 

93. Ihe method of claim 90. wherein said step of detemiining the intracellular 
residence tme of the metabolite compound comprises detennining the half-life of the 
metabolite compound within lymphoid tissue. 

94. The mediod of claim 91. wherein said step of detemiining the mtracellular 
residence tmie of the metabofite compound comprises detennining the half-life of the 
metabolite compound within lymphoid tissue. 
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95. Tbs method of claim 92, wherein said step of determining the intracellular 
residence time of the metabolite compound comprises determimng the half-life of the 
metabolite conpound within lymphoid tissue. 

96. The method of claim 93, wherein said step of detennining the half-life of the 
metabolite compound further comprises determining the half-life of the metaboUte compound 
withmhelper ceils, kiUercellk,Iymphnodes,orperipheralbloodmononuclearcens. 

97. The method of claim 94, wherein said step of determining the half-life of the 
metabolite compound fiirther comprises determining the half-Ufe of the metaboKte compound 
vathmhelper ceUs. killer ceUs. lymph nodes, or peripheml blood monomiclearceUs. 

98. Ihe method of claim 95..wherem said step of determining the half-life of the 
metabolite compound further comprises detemnning the half-life of the metabolite compound 
>vithm helper cells. IdllerceUs, lymphnodes. or peripheral blood mononuclear cells. 

99. The method of claim 73. wherein said contactmg step comprises contacting the 
candidate compound with 08-7340 Ester Hydrolase in a cell-free enviromneot. 

1 00. Ihe method of claim 73, wherein said contacting step comprises contacting tire 
candidate compound with GS-7340 Ester Hydrolase in vitro. 

101. The method of clahn 73. wherem said contacting step comprises contacting the 
candidate compound with GS-7340 Ester Hydrolase m cell culture. 

102. Ihemethod of clahn 101. wherein said contacting step comprises contacting 
the candidate compound with GS-7340 Ester Hydrolase in a culture of peripheral blood 
mononuclear cells. 

103. A method for identifymg a candidate compound as a suitable pro-drug, 
comprising: * 



(a) providmg the candidate compomid havmg an esterified phosphonat 



e group; 



(b) contacting tiie candidate compomid with GS-7340 Ester Hydrolase to produce 
a metabolite compound; and 
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(c) identifying the candidate compound as a suitable pn>^ if the metaboUte 
compound has a phosphonic acid gro,^ instead of the esterified phosphonate group of the 
candidate compound. 

104. Thfimethodofclaiml03,Miiereiusaidprovidingstepfurtherco^ 
monosubstitution of the eslerified phosphonate group .vith an organic acid having an 
esterified carboxyl group. 

105. ThemelhodofciaimlOa.vvhereinsaidprovidingstepfurthercomprisw 
monosub^tution of the esterified phosphonate group ^th an amino acid linked through an 

ammo group to the phosphorus atom, wherein the amino acid has an esterified carboxyl 
group. 

106. Themethodofclaiml03,v*ereiasaidprovidingstepcomprisesprovidinga 
candadate compound fonned by substituting a piototj^e compound kno;va to have anti-HIV 
therapeutic activity with an esterified phosphonate or carboxyl group. 

107. Iliemethodofckiml06,whereinsaidprototypecompoundisnota 
nucleoside, and does not contain a nucleoside base. 

108. The method of claim 103, wherein said providmg step comprises providing a 
candidate compound that is aa amino acid phosphonoamidate. wheiein a carix,xyl group of 
tfie amino acid is esterified. 

109. -n^n^eftod of claim 103. wherein said providmg step comprises providi^^ 
candidate compound that is substantiaUy stable against extraceUular hydrolysis of the 
esterified group. 

110. The method of claim 103. wherein said providing step comprises providing a 
candidate compound formed by substituting a proto^ compound 

111. ^«°»e*i»dofclaim 103, further comprising (d) determining the i^^^ 
persistence of the candidate compound. 

112. method ofclaim 103, further comprising (d)detennining the intraceM^ 
persistence of the metabolite compound. 
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113. The method of claim 103. further comprising (d) detemimng the intracellular 
persistence of the candidate compound and the metaboHte compound. 

114. The method ofclaim 103, fiirther comprising (d)detenmning the tissue 
selectivity of the candidate compound. 

115. The method ofclaim 103. further comprising (d) determining the tissue 
selectivity of the metabolite compound. 

116. The method of claim 103. further comprising (d) determining the tissue 
selectivity of the candidate compound and the metabolite compound. 

117. Tl^e method ofclaim 103, fblher comprising (d) determining the anti-^ 
protease activity of the metabolite compound. 

118. Tlie method of claim 103, further comprising (d) determining the HIV. 
inhibition ability of the candidate compound. 

119. TTie method ofclaim 103. further comprising (d)determmmg the resistance of 
HIV to the candidate compound. 

120. Tht method of clahn 103. further comprising (d) detennimng tiie resistance of 
HIV to the metabolite compound. 

121. Themethodofclaiml03.fmthercomprising(d)determiningtheresistanceof 
mv to tiie candidate compound and the metabofite compound. 

122. Themethodofclaiml03,furthercomprising(d)detenniningtheintiacellular 
residence time of the candidate compound. 

123. Ibe method ofclaim 103. further comprising (d) determining the mtracellular 
residence time of flie metabolite compound. 

124. The metiK,d ofclaim 103. further comprising (d) determining the intracellular 
residence tune of the candidate compound and the metabolite compound. 

125. The method of claim 122. vAerein said step of determining the intraceUuIar 
residence time of the metabolite compomid comprises detennining the half-life of the 
metabolite comtxiund wiihm ivmmh/M'/) 
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126. Themethodofclaiml23,whereinsaidstepofdetetmiiun^ 
residence time of the metabolite compound comprises detennining the half-life of the 
metabolite compound within lymphoid tissue. 

127. TTie method of claim 124. wherein said step of detennining the intmcellular 
residence time of the metaboUte compomid comprises determimng the half-hfe of the 
metabolite compound within lymphoid tissue. 

128. The method of dafan 125. wherein said step of detennining the half-iife of the 
metabolite compound &rther comprises determining the half-life of the metabolite compomui 
withm helper cells, killer cells, lymph nodes, or peripheral blood mononuclear cells. 

129. nie method of claim 126, wherein said st^ of detennining flie half-Hfe of the 
metaboUte compound further comprises detenniniiig the half-life of the metabolite compound 
within helper ceUs. kiUer ceUs. lymph nodes, or peripheral blood mononuclear cells. 

130. Ite method of claim 127. wherein said step of detennining the half-life of the 
metabohte compound forther comprises detennining the half-life of the metabolite compomid 
withm helper cells. IdUer cells, lymph nodes, or periphei^ blood mononuclear cells. 

131. The method of claim 103. ^^ilerein said contacting step comprises contacting 
the candidate compound with GS-7340 Ester Hydrolase in a cell-free enviromnent 

132. The method of claim 103. wherein said contacting st^ comprises contacting 
the candidate compound with GS-7340 Ester Hydrolase in vitro. 

133. The method of claim 103. Miierein said contacting step comprises contacting 
the candidate compound with 08-7340 Ester Hydrolase in cell culture. 

134. The method of claim 133. wherein said contacting step comprises contacting 
the candidate compound with GS-7340 Ester Hydrolase in a culture of peripheral blood 
mononuclear cells. 

135. A method for identifying a candidate compound as a suitable pro-dnig. 
comprising: ' 

(a) providing the candidate compound havmg an esterified carboxyl group; 
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(b) contacting the candidate compound with GS-7340 Ester Hydrolase to produce 
an metabolite compound; and 

(c) identic the candidate compound as a suitable pro-drug if the metabolite 
compound has a carboxylic add group instead of the esterified carboxyl group of the 
candidate compound 

136. The method of claim 135. wherein said providing step comprises pn>viding a 
candidate compound substituted with an amino acid group, wherein the amino acid has an 
esterified carboxyl group. 

137. TTie method of claim 135. wherein saidp^mding step comprises providing a 
candidate compound formed by substituting a prototype compound known to have anti-HIV 
tiierapeutic activity with an esterified phosphonate or carboxyl group. 

138. The metiiodofclaim 137. wherein said prototype compound is not a 
nucleoside, and does not contain a nucleoside base. 

139. ^« method ofclaim 135, wherein said providing step comprises providing a 
candidate compound that is an amino acid pfaosphonoamidate. wherein a carboxyl group of 
the amino acid is esterified. 

140. TT»«'"ethodofcIaiml35.whereinsaidprovidmgstepcomprisesprovidinga 
candidate compound that is substantially stable against extracelhilar hydrolysis of tiie 
esterified group. 

141. The method of claun 135. wherein said providing step comprises providing a 
candidate compound formed by substituting a prototype compound 

142. nie method of claim 135. iurther comprising (d) determining the intiacellular 
persistence of the candidate compound. 

143. -nie method ofclaim 135. further comprising (d) determining tiieintracen^^ 
persistence of the metabolite compound. 

144. THe metiiodofclaim 135, further comprising (d) determining tiie intracellular 
persistence of tiie candidate compound and tiie metaboUte compound. 
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145. The method of claim 135, further comprising (d) detennining the tissue 
selectivity of the candidate compound. 

146. The method of claim 135. forther comprising (d) detennining the tissue 
selectivity of the metabolite compound. 

147. The method of claim 135. further comprising (d) detennining the tissue 
selectivity of the candidate compound and the metabolite compound. 

148. The method ofclaim 135, further comprising (d) detennining the anti-mv 
protease activity of the metabolite compound. 

149. The method ofdaim 135. fialher comprising (d)detenmning the HIV. 
inhibition ability of Hie candidate compound. 

150. The method of claim 135, further comprising (d) detennining the resistance of 
HIV to the candidate compound. 

151. lie method of claim 135. further comprising (d) detennining the resistance of 
HIV to the metabolite compound. 

152. The method ofclaim 135. further comprising (d) detennining the lesista^^^ 
mv to the candidate compound and the metabolite compound. 

153. TT^emethodofclaiml35,furthercomprising(d)detenniningtheintracellul^ 
residence time of the candidate compound. 

154. Tieniethodofclaiml35.furthercomprising(d)detenniningtheintr^^ 
lesidaice time of die metabolite compound. 

155. The method of claim 135. further comprising (d) deteraiining the intracellular 
residence tmie of the candidate compound and the metabolite compomid. 

156. The method ofclaim 153. v^herefa said step of detennining the intraceUular 
residence tune of the metabolite compound comprises detennining the half-life of the 
metabolite compound within lymphoid tissue. 
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157. "ITie method of daim 154. Avberek said step of detemining them 
residence time of the metaboUte compound comprises determining the half-life of flje 
metabolite compound within lymphoid tissue. 

158. The method ofdaim 155. wherein said step of determinm 
residence time of the metabolite compound comprises determining the half-life of the 
metabolite compound wifliin lymphoid tissue. 

159. The method of claim 156. wherein said step of determining the half-life of the 
metaboKte compound further comprises determining the half-life of the metabolite compound 
within helper cells, killer ceUs, lymph nodes, or peripheral blood mononuclear cells. 

160. The method of claim 157. wherein said step ofdetennining the half-life of the 
metabolite compound further comprises determming the half-life of the metoboUte compound 
within helper dells. kiUer cells, lymph nodes, or peripheral blood mononuclear cells. 

161. Hie method of claim 158. wherein said step of determining the half-life of the 
metabolite compound &rther comprises determining the half-life of the metabolite compound 
within helper ceUs. killer cells, lymph nodes, or peripheral blood mononuclear cells. 

162. The method of claim 135. wherein said contactmg step comprises contactmg 
the candidate compound with GS-7340 Ester Hydrolase in a celi-fiee enviromnent 

163. Hie method of claim 135. wherein said contacting step comprises contacting 
the candidate compound with GS-7340 Ester Hydrolase in vitro. 

164. The method of claim 135, whetem said contacting step comprises contactmg 
the candidate compound with GS-7340 Ester Hydrolase in cell cuhure. 

165. The method of claim 164. wherein said contacting step comprises contacting 
the candidate compound with GS-7340 Ester Hydrolase m a culture of peripheral blood 
mononuclear cells. 

1 66. A method for identifying a candidate compound as a suitable pnMinig, 
comprising: 

(a) providing the candidate compound havmg an esterified phosphonate group or 
an esteri&ed carboxyl group; 
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(b) contacting the candidate compound with an extract of peripheral blood 
mononuclear ceUs which has carboxyHc ester hydrolase activity but does not cleave alpha- 
napthyl acetate, to produce a metabolite compound; and 

(c) identifying the candidate compound as a suitable pro^ if the metaboUte 
compound has a phospbonic acid group instead of the esterified phosphonate group of the 

candidate compound, or a carboxyHc add group instead of <he esterified carbo^^ 
the candidate compound. 

167. 'I^'»ethodofclaiml66,whereinsaidprovidingstepcomprisespixm^^ 
candidate compound formed by substituting a prototype compound known to have anti-HIV 
therapeutic activity with an esterified phosphonate or carboxyl group. 

168. The method of claim 167, wherein saidprototype compound is not a 
nucleoside, and does not contain a nucleoside base. 

169. Themethodofclaiml66.,^saidprovidingstepcomprisesprovidinga 
candidate compound that is an amino add phosphonoamidate. wherein a cari.,xyl group of 
the amino acid is esterified. 

170. Themethodofclaiml66.whereinsaidprovidingstepcomprisesprovidinga 
candidate compomid that is substantiaUy stable against extracellular hydrolysis of the 
esterified group. 

171. Hie method of claim 166. wherein said providing step comprises providing a 
candidate compound formed by substituting a prototype compound 

172. lie method of claim 166. fimher comprismg (d) determining the intraceUular 
persistence of tiie candidate compound. 

173. The method of daim 166, further comprising (d) determining the intracellular 
persistence of the metabolite compound. 

174. TT»emethodofclaiml66,furd»ercomprising(d)determimngtheintnu:e^ 
persistence of the candidate compound and the metabolite compomid. 

175. n,e method of claim 166. forther comprising (d) determining the tissue 
selectivity of the candidate compound. 
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176. TTie method of claim 166, further comprising (d) detennining the tissue 
sdectivily of the metabolite coiiq)ound. 

177. The method of claim 166, further comprismg (d) detennining the tissue 
selectivity of the candidate compound and the metabolite compound. 

178. The method of claim 166, further comprising (d) determining the anti-HIV 
protease activity of &e metabolite compound. 

179. The method ofclahn 166, ftehercompiismg(d)deteimming the mv- 
mhibition ability of the candidate compound. 

180. The method of claim 166, fiirther comprismg (d)determinmg the resistance of 
HIV to the candidate compound, 

181. Themethodofclahnl66,fiulhercomprismg(d)detenmningtheiesistanceof 
HIV to the metabolite compound. 

182. The method of claim 166, further comprismg (d) detenmnmg the resistance of 
mv to the candidate compound and die metaboKte compound. 

183. method ofdauD 166, fiirther comprising (d)deteiinining the intracellular 
residence time of the candidate compound. 

184. "n^e method of claim 166. further comprising (d) determining the mti^^ 
residence time of the metabolite conqwund. 

185. The method of clahn 166, further comprising (d) determining the intracellular 
residence time of the candidate compound and the metabolite compound. 

186. The method of claim 183, wherem said step of determining the mtraceUular 
residence tune of the metabolite compound comprises determining the half-life of the 
metabolite coinpound within lymphoid tissue. 

187. "lie method ofclaim 184, wherem said step of detetmmmg the mtracellular 
residence time of the metabolite compound comprises detennining the half-life of the 
metabolite compound witinn lymphoid tissue. 
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188. The method of claim 185, wherein said step of detennimng the intracellular 
residence time of the metaboKte compound comprises detennining the half-life of the 
metabolite compound wifliin lymphoid tissue. 

189. The method of claim 186. wherem said step of determining the half-life of the 
metaboKte compound further comprises detennining the half-Ufe of the metabohte compound 
within helper cells, killer ceDs. lymph nodes, or peripheral blood mononuclear cells. 

190. The method of claim 187. wherein said step of determining the half-life of the 
metabolite compound ftrther comprises detemuning the half-life of the metaboKte compound 
withm helper cells, killer ceUs, lymph nodes, or peripheral blood mononuclear cells. 

191. The method ofclaim 188, wherein said step (rfdetemuning the half-life of 
metaboKtc compound further comprises detennining the half-life of the metabohte compomKi 
withm he^r cells, killer cells, lymph nodes, or peripheral blood mononuclear ceils. 

192. TTie method of clahn 166. wherein said contacting step comprises contacting 
the candidate compom«i with GS-7340 Ester Hydrolase in a cell-free enviromnent. 

193. The method of claim 166. wherein said contacting step comprises contactmg 
the candidate compound with GS-7340 Ester Hydrolase in vitro. 

194. The method ofclaim 166, wherein said contacting step comprises contacting 
the candidate compound with GS-7340 Ester Hydrolase in ceU culture. 

195. He method of claim 194, wherein said conlactmg step comprises contacting 
the candidate compound with GS-7340 Ester Hydrolase in a culture of peripheml blood 
mononuclear cells. 

196. A candidate compound identified by the method ofclaim 71. wherein the 
candidate compomid is an amino acid phosphonoamidate m which a cari^xyl group of the 
amino add is esterified. 

197. A candidate compound identified by the method ofclaim 103. wherein the 
candidate compomid is an amino acid phosphonoamidate in which a carixjxyl group of the 
amino acid is esterified. 
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198. A candidate compound identified by the method of claim 134, wherein the 
candidate compound is an amino acid phosphonoamidate in which a carboxyl group of the 
amino acid is esterified. 

199. A candidate compouml identified by the method of claim IHwheie^ 
candidate compound is an amino add phosphonoamidate in v»4uch a carboxyl group of the 
amino acid is esterified. 

200. A candidate compound identified by the method ofclaim 71. wherein the 
candidate compound is substituted with an amino acid group m which a carboxyl gro^ of the 
amino acid is esterified. 

201. A candidate compound identified by the method of claim 103, wherein the 
candidate compound is substituted with an amino acid group m which a carboxyl group of the 
amino acid is esterified. 

202. A cmdidate compomid identified by the method of claim 134, wherein the 
candidate compomid is substituted with an amino add group m which a carboxyl group of the 
amino acid is esterified. 

203. A candidate compound identified by the method of clahn 164, wherdn the 
candidate compound is substituted with an amino add group in which a carboxyl group of the 
amino add is esterified. 

204. The candidate compound ofclaim 200, wherein the ammo group of the amino 
add is in flie alpha position. 

205. Tie candidate compomKi ofclaim 201. wherdn the ammo group of the ammo 
acid is m the alpha position. 

206. -n^e candidate compomul ofclaim 202, wheiem the amino group of the amino 
acid is in the alpha position. 

207. The candidate compomid ofclaim 203, wherem the ammo groiq, of the amino 
add is in the alpha position. 
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208. A candidate compound identified by the method of claim 71, wherein the 
esterified phosphonate group is monosubstituted with a hydroxyorgamc acid linked to the 
phosphorus atom tbiough an oxygen atom. 

209. The candidate compound of claim 133, wherein the hydroxy group of the 
> hydrojryorganic add is m the alpha position. 

210. A candidate compound identified by the method of claim 71, wherein the 

candidate compound is substantiaUy stable against extracellular hydrolysis of the esterified 
group. 

211. A candidate compound identified by the method of claim 103, wherein the 

■ candidate compound is substantially stable against extracelhilar hydrolysis of the esterified 
group. 

212. A candidate compound identified by the method of claun 134, wherein tiie 
candidate compound is substantially stable against extracellular hydrolysis of the esterified 
group. 

21 3. A candidate compound identified by the method of claim 164, wherem the 

candidate compound is substantially stable against extraceUuIar hydrolysis of the esterified 
group. 

214. A method of screenmg candidate compounds for suitability as anti-HIV 
therapeutic agents, comprising: 

(a) providmg a candidate compound identified by the method of claim 71; 

(b) determining the anti-HIV activity of the candidate compound; and 

(c) determining the intracellular persistence of the candidate compound. 

215. A method of screening candidate compounds &a suitability as anti-HIV 
therapeutic agents, comprising: 

(a) providing a candidate compound identified hy the method of claim 1 03; 

(b) detetmining the anti-fflV activity of flie candidate compound; and 
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(c) detennining the intracellular persistence of the candidate compoiind. 

216. A method of screoiing candidate compounds for suitability as anti-HIV 
therapeutic agents, comprising: 

(a) providing a candidate compound identified by the method of claim 134; 

(b) detennining the anti-HIV activity of the candidate coin)ound; and 

(c) detemiining the intraceUular persistence of the candidate compound. 

217. A method of screening candidate compounds for suitability as anti-HTV 
therapeutic agents, comprising: 

(a) providing a candidate compound identified by the method of claim 164; 

(b) detennining the anti-HIV activity of the candidate compound; and 

(c) detennining the intracellular persistence of the candidate compound. 

218. The method of claun 214, wherein said step (b) comprises determining tiie 
activity of the candidate compound against HIV protease. 

219. The method of claim 215, wherein said step (b) comprises determining the 
activity of the candidate compound against HIV protease. 

220. The method of claim 216, wherein said step (b) comprises detennining the 
activity of the candidate compoimd against HIV protease. 

221 . The method of claim 217, wherem said step (b) comfoises determining the 
activity of the candidate compound against HIV protease. 

222. The metiiod of claim 214, wherein said step (b) comprises detennining the 
ability of the candidate compound to inhibit HTV. 

223. The method of claim 2 1 5, wherein said step (b) comprises detennining the 
ability of the candidate compound to inhibit HIV. 

224. The metiiod of claim 2 1 6, wherem said step (b) comprises detennming tiie 
ability of the candidate compound to inhibit HIV. 
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225. The method of claim 217, wherein said step (b) comprises deteimining the 
ability of the candidate compound to inhibit HIV. 

226. The method of claim 222, wherein said step (b) comprises determining the 
ability of the candidate componnd to inhibit HIV protease. 

227. The method of claim 223, wherein said step (b) comprises detemiining the 
ability of the candidate compound to inhibit HIV protease. 

228. The method ofclaim 224, wherem said step (b) comprises determining the 
ability of the candidate compound to mhibit HIV protease. 

229. Tlie method of claim 225, wherem said step (b) comprises detennining the 
ability of tte candidate compound to inhibit HIV protease. 

230. The method of claim 222, wherein said step (b) comprises detennining the 
ability of the candidate compound to inhibit HIV integrase. 

231. llie method of claun 223, wheremsaid step (b) comprises detennining the 
ability of the candidate compound to inhibit HIV integrase. 

232. The method of claim 224, wherein said step (b) comprises determining the 
ability of His candidate compound to inhibit fflV mtegrase. 

233. The method of claun 225, wherein said step (b) comprises detenmning the 
ability of the candidate compound to inhibit HIV integrase. 

234. The method of claim 222, wherein said step (b) comprises deteimining the 
ability of the candidate compound to inhibit HIV reverse transcripU 



case. 



235. The method of claim 223, wherem said step (b) comprises detemiining the 
ability of the candidate compound to inhibit HIV reverse transcriptase. 

236. nie method of claim 224. wherein said step (b) comprises detennining the 
abiUty of the candidate compound to inhibit HIV reverse transcriptase. 

237. The method of clahn 225, wherein said step (b) comprises detennining the 
ability of the candidate compound to inhibit HIV reverse transcriptase. 
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238. The method of claim 214, wherein said step (b) further comprises detennining 
the resistance of fflV to tiie candidate compound. 



239. The method of claim 214, wherein said step (b) is performed by m vitro 



assay. 



240. Tte method ofclaim 214, wherein said step (b) further comprises detennining 
the anti-mv activity of an acid metabolite of the candidate compound. 

241. The method ofclaim 240, wherein said acid metaboKte is a caiboxylic acid 
compound fonned by estetolytic hydrolysis qf the candidate compound. 

242. The method of claim 240, wherein said acid metabolite is a phosphonic acid 
compound formed by esterolytic hydrolysis of the candidate compound. 

243. The method ofclaim 214, wherein said step (c) comprises deteimimng the 
intracelluhu: residence time of the candidate compound. 

244. The method ofclaim 214, wherem said Step (c)Mer comprises determming 
the intracellular residence tune of an acid metabolite of the candidate compound. 

245. The method ofclaim 244, wherem said add metaboKte is a carboxyUc acid 
compound fonned by esterolytic hydrolysis of the candidate compound. 

246. The method of claim 244. wherein said acid metaboUte is a phosphonic acid 
compound formed by esterolytic hydrolysis of the candidate compound. 

247. The method of claim 244, wherem said step (c) further comprises deteimimng 
the haif-hfe of the metabolite compound within lymphoid tissue. 

248. The method of claim 247, wherein in said step of determining the half-life of 
the metaboUte compound within lymphoid tissue, the lymphoid tissue is selected from the 
group consisting of helper ceUs. kiUer cells. lymph nodes, and peripheral blood mononuclear 
cells. 

249. Themethodofclaim214,furthercomprising(d)determiningthetissue 
selectivity of the candidate compound. 

250. The method of clahn 249, wherem said step (d) further comprises deteimimng 
the tissue selectivity of an add metabolite of the candidate compound. 
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